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i  .-Sodamide. 
Historical . 

Sodium  amide  was  first  prepared  nearly  a  oentury  ago. 
Gay  Lussac  ana  Thenara   and,  independently,.  Sir  Humphrey  Davy  2 
while  carrying  on  experiments  to  determine  the  composition  of  ammonia 
discovered  at  about  tne  same  time  tne  amide,  of  sodium  ana  of  potassium* 
They  lea  a  strong  current  of  dry  ammonia  over  sodium  heated  at  300° 
to  400°  ior  several  nours .  Hydrogen  was  evolved  and  a  more  or  less 
crystalline  mass  remained. 

For  many  years  sodamide  vnas  descrioed  in  chemical  literature  as  a  dark 
olive-green  suostance,  ana  at  the  same  time  it  was  stated  that  tne 
glass  of  tne  retort  .-.as  rapidly  attacked. 

In  1894,  Titnerly  5  made  a  careful  study  of  sodamiae  ana  came  to 
the  conclusion  that  impurities  in  tne  sodium  used  oy   earlier  experiment- 
era  as  well  as  tne  constituents  ol  the  glass  of  the  vessels  in  which  it 
was  made  were  responsible  for  tne  dark  color  of  the  produot, 
he  found  that  neither  porcelain  nor  platinum  long  withstood  the  cor- 
rosive action  of  tne  compound.  Retorts  of  iron  or  silver  were  not 
affectea  ana  in  sucn  vessels  he  stated  that  600  grams  or  more  of 
sooamide  could  ue  safely  roaae  at  one  time,  whereas  the  earlier  exper- 
imenters could  prepare  no  mors  than  from  2  to  10  grams  at  one  time 
in    retorts  of  Uass. 

In  the  present  investigation  it  was  found  that  a  silver  elated  crucible 
was  attacked  to  such  an  extent  that  the  silver  coating  was  entirely 
removed  in  tne  course  of  one   experiment.  Iron, if  free  from  carbon, 
is  very  slowly  acted  upon. 
Properties.  — " 

-Sodamiae  can  be  Kept  ior  a  considerable  time  in  dry, air-tight  ^ars. 

rioisture  rapidly  decomposes  it  into  ammonia  and  sodium  hydroxide. 
If  thrown  into  water, tne  rapid  decomposition  and  evolution  of  gas 

1  .Reciiercues  Physioo-chimiques  1,  537-356. 
2.?hil. Trans.  (1809)  1,  89. 
3.J.Chem.Soc.London  65,  504. 


produces  so  much  heat  that  the  particles  assume  the  spheroidal  form 
ana  swim  about  on  tne  surface  of  the  water  in  much  the  same  manner  as 
aoes  Sodium  until  solution  is  complete.  Usually  tne  globule  explodes 
with  a  snar:v  detonation  characteristic  of  unstable  nitrogen  compounds 
ana  it  was  this  that  first  suggested  the  possibility  of  the  presence 
Oi  a  triazoate  or  similar  compound  as  a  working  hypothesis. 
Tut  'lobule  on  explosion  breaks  into  small  -articles  which  may  be 
uro,,ectea  to  a  considerable  distance.  This  explosion  has  been  noted 
to  occur  mora  frequently  when  the  water  has  become  heated.  The  globules 
unaerOo  peculiar  physical  changes.  They  change  from  white  ,to  yellow, 
to  crown,  and  sometimes  to  biacti;  and  the  violence  of  the  final  ex- 
plosion seems  to  increase  rfith  increasing  depth  of  color.  Sodamide 
which, through  long  keeping, has  -  ecome  yellow  in  coior  seems  to  be 
more  susceptible  to  tnese  color  changes  ana  to  decompose  more  violently 
than  that  freshly  made. 

Sodamide  is  rapidly  decomposed  by  absolute  alcohol  with  evolution 
o:  ammonia  ana  formation  of  sodium  ethylate.  The  alcohol  is  neated 
to  boiling  if  tne  sodamide  iye  added  rapidly  but, Since  it  does  not 
float  upon  tne  alcohol,  there  is  no  final  explosion. 

Sodamide, whioh  has  undergone  the  color  change  referred  to  above,  imparts 
this  color  to  the  alconoi  ana  tne  latter  becomes  colored  dark  brown. 
Tne  depth  of  tint  which  the  alcohol  assumes  is  out  of  all  cro portion 
to  the  amount  of  color  in  the  sodamide  used.  Perfectly  fresh  sodamide 
imparts  no  appreciable  color  to  alconoi.  The  coior  is  not  due  to  an 
iron  sal t,for, although  tne  sodamide  was  made  in  a  wrought-iron  retort, 
it  aia  not  give  the  Prussian  blue  reaction  for  iron  when  dissolved 
in  -ater  ana  treated  with  hydrochloric  acid  and  ferrocyanide  of  cotass*; 
ium,  ana  it  yieiaec  only  a  slight  tinge  with  sulohocyanide  of  ammonium. 
Analysis  of  eariier  workers.  _ 

—  Gay  Lussac  and  Thenar d  *  and  also^  Davy  1  at t emoted  to  analyze 
sodamide.  The  latter  plunged  pieces  of  it  under  the  mouths  of  jars 
filled  with  water  and  he  found  that  in  addition  to  ammonia  a 

1 .  Loc.Cit. 


o. 

"nonaosoroable"  gas  was  given  off  which, by  explosion  in  a  eudiometer, 
he  fouiia  to  oe  hvaroeen. 

Gay  Lussac  and  Thenard,by  strongly  heating  xhe  substance,  obtained 
from  it  2  /  5  of  the  ammonia  that  had  disappears  in  the  reaction. 
At  a  stronger  neat  nycrogen  ana  nitrogen  .-rases  were  formed  in  the 
ratio  of  2.5  oi  the  former  to  one  of  the  latter  in  quantities  to 
account  for  1 ./  5  more  of  the  ammonia,  and  decomposition  of  the  residue 
by  water  or  acids  yielded  tne  remaining  2/5.  In  addition  to  the 
fact  that  their  hydrogen-nitrogen  ratio  is  less  than  tne  theoretical 
for  ammonia,  it  is  also  to  be  observed  tnat  aiie  of  the  nitrogen  thus 
obtained  is,sofar  as  their  report  of  tne  analysis  indicates,  derived 
from  tne  decomposition  of  ammonia. 

Beilstein  and  Geuther  ,  in  1858,  used  tne  same  method  of  formation 
for  sodamide  and  gave  the  same  description  of  the  product  as  the 
discoverers*  The  method  of  analysis  usee  by  them  cosisted  in  deter- 
mining tne  ratio  of  sodium  to  nitrogen  by  decomposition  of  the  sodamide 
.vim  strong  hydrochloric  acid,  sodium  ana  ammonium  chlorides  being 
formed  in  tne  reaction.  They  also  investigated  the  reactions  of  sodamids 
«it:i  the  oxides  and  the  bisulphide  of  carbon. 
When  sodamide  is   heated  in  a  stream  of  caroon  monoxide  the  following 

reac  t  i on  t akes  c  1  ac  e  •  - 

NaSHg+  CO  =  NaCS  +  K^C. 

In  tne  same  manner  carbon  dioxide  yields :- 

4KaNIs2  -f  0OO2  =  CSNHg  +  2Nflf03  +  2NH5. 

The  vapor  01  carbon  bisulphide  yields : - 

NaNH2-fCS2  =■  NaCNS  4-HgS. 

This  ,ana  tne  work  of  Wisiicenus  quoted  farther  on,  seems  to  be  the 
only  work  done  with  sodamide  as  a  reagent  in  the  field  of  inorganic 
chemistry-  # 

1  .Ann.Chem.Pharm.  Lieaig  108,  88. 

if   After  tne  completion  of  the  present  work  and  while  the  manuscript 
.vas  being  written,  the  writer  was  permitted, through  the  courtesy  of 
tne  eaitor  01  the  Journal  of  tne  American  Chemical  Society,  to  read 
thee  manuscript  of  tne  forthcoming  article  by  Dennis  and  Brown  on 
tne  preparation  of  sodamide  and  of  sodium  triazoate  by  a  modification 
°i  the  method  of  wisiicenus.  Their  method  for  preparing  sodamide  is 
evidently  an  improvement  in  certain  features  over  any  hitherto  used. 


4. 

Titherly's  recent  careful  work,alread^nentioned,  confirmed  tne 

analytical  results  of  the  earlier  workers.  He  employed  two  different 

syntactical  methods  of  analysis.  The  first  was  to  convert  a  known 

weight  of  sodium  into  sodamide, determine  the  increase  in  weigh^and 

from  tnat  estimate  tne  amount  of  sodium  in  the  compound. 

The  i.econa  method  was  to  determine  the  ratio  of  the  hydrogen  liven 

Oil  to  tne  residue  of  ammonia  which  disappeared  in  the  formation  of 

the  compound.  It  was  evident  that  NH^jH— 16:1?  of  HH:H2  -  15:2,  and  of 

iM:H£>=14:o  •  The  mean  of  three  determinations  gave  him  15.99:1  . 

The-  results  oi  ooth  analyses  ^therefore,  pointed  conclusivly  to  the 

acceptec  formula, NaisHg,  for  sodamide. 

Sitherly  then  investigated  the  possibility  of  the  formation  oi  disod- 

imide  ana  oi  sodium  nitride  by  tne  substitution  oi  a  second  ana  a  third 

hydrogen  atom, respect ivly,  oi  ammonia  by  sodium. 

After  careful  experiments  ,the  details  of  which  can  not  well  be  descrio- 

ea  here,  he  cor.ciuded  tnat  but  one  ammonia  hydrogen  atom  could  be  thus 

directly  substituted* (although  he  later  snowed  that  certain  radicals 

could  be  introduced  into  the  place  of  one  or  both  the  remaining  hydrogen 

atou.s  *.  According  to  Dennis  2  disodimide  is  formed  by    insufficient 

heating  oi  aodium  in  ammonia. 

Tne  discoverers  oi  sodamide  haa  stated  that  if  soda:. ice  \&t   stron 
heated  it  decomposes  in  accordance  with  the  equation :- 
3MH2  ^NagKf^KHs. 

until  quite  recently  this  method  for  tne  formation  oi  the  nitride  of 
sodium  has  been  widely  published.  Titherly  was  unable  to  obtain  a  trace 
of  sodium  nitride  from  his  pure  sodamide  but  he  snowed  instead  that 
strong  neat  breaks  down  tne  oompound  into  its  elements.  He  concluded 
therefore  that  the  black  powder  described  as  nitride  by  Davy  and 
others  consisted  of  impurities  undoubtedly  present  in  the  sodamide 
used. 

i.  J .Chem.Soc. London  71,460. 
2.  Loc.Cit. 


Preparation  of  sodamide.  — - 

c   Figure  ^represents  the  apparatus  devised  in  this  laboratory  for  the 
preparation  oi  considerable  quantities  of  sodaraide  at  one  time.. 
It  is  simple  in  construction  ar;u  can  be  put  together  from  apparatus 
available   in  almost  any  laboratory. 

(A)  is  a  flask  in  which  concentrated  ammonia  water  is  heated  with  a 
low  flame.  (B)  is  an  empty  gas-washing  bottle, kept  cool  to  condense 
excess  of  moisture.  1,2,5, and  4  are  drying  tdwers  filled  with  soda- 
lime.  (C)'is  a  tube  filled  with  pieces  of  sodium.  It  may  conveniently 

out  40  centimeters  long.  CD)  is  a  wrought-iron  retort  made  in  two 
parts  which  fit  together  at  the  flange  in  the  center.  It  is  capable  of 
holding  about  200  grams  oi  sodium  when  filled  nearly  to  the  flange. 
Before  heating  the  sodium  in  the  retort, ammonia  is  pas  sed  for  a 
considerable  time  through  tne  apparatus  to  drive  out  the  air,  ana  at 
the  conclusion  of  the  experiment  the  formed  sodamide  is  allowed  to 
cool  in  a  current  of  tne  same  gas.  It  is  well  to  have  a  second  flask 
containing  ammonia  water  at  hand  to  attacn  to  the  apparatus  whenever 
the  evolution  of  ammonia  from  tne  first  one  becomes  slack  , since  it  is 
important  to  have  a  continuous  supply  of  ammonia. 

The  time  of  heating  was  purposely  varied  in  order  to  determine  whether 
this  had  anything  to  do  with  the  gases  yielded  in  the  decomoositio:. 
oi  ooja::. ide  by  water. 

The  mysterious  presence  of  free  nitrogen  among  the  products  of  the 
decomposition  of  one  of  the  compounds  to  be  described  in  this  paper 
led  to  a  somewhat  extended  investigation  of  sodamide  itself.  Sodamide 
had  entered  into  tne  reaction  ana  was  the  only  nitrogenous  component 
employed.  The  decomposition  of  tne  substance  was  made  under  conditions 
which  precluded  the  possibility  of  the  dissociation  of  ammonia  into 
its  elements.  Tne  method  of  analysis  was  a  volumetric  gas  determinat- 
ion and  the  apparatus  in  which  it  was  carried  on  will  be  briefly 
aescrioed  here  since  it  was  devised  ano  used  in  a  long  series  of 
experiments. 


The  a  paratus  (see  Fig's.  2  ana  3)  was  first  filled  with  carbon  diox- 
ide drie<  -   sulphuric  acid,  the  gas  (Fig. 3)  entering  at  (D)  and 
jscaping  at  (B).  The  weighed  substance  was  introduced  into  (A)  and  the 
jurrent  of  carbon  dioxide  continued  until  the  gas  issuing  from  (E) 
vas  completely  absorbed  by   a  strong  solution  of  caustic  soda. 
Without  removal  of  tne  stoppers  the  tubes  were  shifted  into  the  positon 
shown  in  figure  2  ,  the  stopcock  of  (B)  closed  and  the  funnel  filled 
rith  recently  boiled  aistiiied  water.  The  tube(D)  was  quickly  connected 
co  the  capillary  of  a  Hempel's  burette(F)  completely  filled  with  a 
IQ&  solution  of  caustic  soda.  Water  was  slowly  dropped  upon  the  sub- 
stance in  (A),  diminished  pressure  being  produced  by  lowering  the 
jommunicating  arm  of  tne  burette.  When  tne  reaction  was  over,  water 
vas  allowed   to  completely  fill  tne  whole  apparatus  to  drive  over  the 
Last  portions  of  gas.  The  curette  was  then  disconnected, well  shaken 
to  absorb  ail  carbon  aioxide  and  ammonia,  and  the  remaining  gases  were 
absorbed  ,where  possible*  in  gas  pipettes  or  determined  by  means  of 
sudiometric  methods. 

In  certain  cases  where  it  was  desirable  to  establish  without  question 
tne  identity  of  nitrogen  among  the  gases,  known  volumes  of  itydeprived 
}f  the  presence  of  other  gases  ,were  transferred  under  precautions  which 
precluded  contamination  with  air  to  a  snort  eudiometer  specially  adap- 
ted for  use  with  high  voltage  currents.  Excess  of  oxygen  was  added  and 
tne  mixture  was  sparked  in  the  presenceof  alittle  caustic  potash  for 
several  hours.  The  remaining  gas  was  then  completely  absorbed  by  phos- 
phorus. 

In  tne  analyses  given  , sodamide I  .was  made  by  heating   175  grams  of 
sodium  for  four  hours  with  tne  full  flame  of  a  bunsen  burner. 
it   tne  end  of  tne  operation  tne  crystallized  sodamide  which  in  ail  cases 
rtas  of  a  white  color,  was  broken  away  from  some  unchanged  sodium. 
Sodamide  1 1  .was  made  from  60  grams  of  sodium  heated  3  and  1/2  hours. 
There  was  no  apparent  excess  of  sodium.  Sodamide  III  was  made  from 
110  grams  of  sodium  heated  strongly  for  3  hours-  no  excess  of  sodium. 
Sodamide  l\   was  made  from  42  grams  of  sodium  heated  1  and  1/4  hours. 
Fhe  excess  of  sodium  was  separated  from  the  sodamide  as  described  above. 


7. 

Sodamide   was  bade  by  heating  50  grams  of  sodium  4  hours.  There  as 
no  excess  of  sodiutr. .  -All  the  samples  were  at  once  transferred  to 
well-stoppered  glass  oottles  and  Kept  in  the  dark. 

for  trie  analysis  small  portions  were  taker,  from  different  parts  of 
the  material,  finely  ground,  ana  placed  in  glass -stoppered  weighing 
tubes  in  calcium  chloride  dessicators.  The  decomposition  was  effected 
by  water  in  the  apparatus  described.  The  latter  had  been  previously 
tested  by    allowing  it  to  stand  for  14  hours  under  the  diminished  oressuie 
producea  by  the  difference  in  level  of  the  two  communicating  arms  of 
the  Hempel's  Durette  amounting  to  about  4  feet.  No  change  of  level  was 
notea,  thus  indicating  that  there  was  no  entrance  of  air  by  leaka 
into  the  apparatus  during  the  experiment! 

The  reaction  with  the  first  drop  or  two  of  water  is  extremely  violent. 
60  to  80  cubic  centimeters  of  gases  are  formed  and  driven  over  into  the 
burette  within  the  first  few  seconds,  and  the  generator  becomes  very  hot. 
Since  most  of  the  gases  are  ammonia  and  carcon  dioxide  the  absorption 
is  so  rapid  that  , notwithstanding  the  diminished  pressure,  the  liquid 
is  sometimes  drawn  back  into  the  generator  with  resultant  explosion 
of  the  latter  from  confined  gases.  The  partial  corr.oinat ion  that  takes 
place  between  some  of  the  ammonia  ana  the  carbon  dioxide  is  also  respon- 
sible for  the  rapid  bacK-suct ion.  In  practice  it  was  found  necessary 
to  introoucea  measured  quantity  of  pure  oxygen  into  the  Hempel's  burette 
to  act  as  a  sort  of  cushion  to  regulate  the  absorption. 


3tric  G-as  Determinations  of  Different  Samples  of  Sodamide. 


Sodamide 

I 

Wt .    in  gms 

iTotal    c.c. 
of   gases 

£  of  N.          Remarks. 

0  .6957 

17.25 

16.09 

1.4145 

37.65 

19.28 

0.2557 

9.80 

32.57 

0.8410 

22.9 

33.93 

.707o 

18.3 

38.42 

0.6966 

17. 

41.86 

0.6*64 

21.4 

44.43 

0.6689 

20.9 

63.58] 

0.4772 

13.8 

65. 62^   after  standing  o  weeks 

0.4075 

15.7 

65.8lJ 

Sodamide 

II 

1 .  1229 

4.4 

--) 

1 .3489 

5.6 

S  trace  of   hydrogen  on  explosion. 

1.1549 
Sodamide 

4.5 

95.05 

[II 

5. 

0.8513 

72.58 

0.9819 

5.34 

75.84 

0.7777 

4.3 

85.18 

0.6937 

4.6 

89.14  after  standing;    12  weeks 

0.9195 

5.65 

92.       after  standing   14  weeks 

Sodamide 

m 

0.6250 

18.78 

6.15) 

0.7525 

23. 

5.22  1  freshly  analyzed 

Sodamide     1 

1 

0.6221 

1.2 

49.16  1 

0.6654 

1.2 

51.66  J    fresh1^  analyzed 

0.4122 

1.8 

after  5  weeksjnp  color  change;    trace 

Df  hydrc  en . 

po 

rtion  kept 

5  weeK.s  with   resultant   change  of   color 

exploded  on 
analysis. 

9 . 

Sodamide  III  was  not  analysed  until  some  weeks  after  its  preparation. 

Frequent  explosions  of  the  generator  ,  and  other  difficulties  in  the 

application  of  tne  method  with  the  apparatus  at  hand  hampered  to  some 

extent  tne  work.  However  it  was  not  sought  to  set  forth  by  this  method 

an  exact  analysis  of  sodamide  for  the  apparatus  with  which  to  do 

the  worK  was  that  which  would  appertain  to  a  ^proximate"  and  not  to 
an  "exact"  series  of  gas  determinations.  Quite  exact  quantitative 

analyses  have  been  repeatedly  made  by  better  methods. 

As  has  been  stated  ,  the  purpose  was  to  seek, if  possible,  the  explan- 
ation for  the  presence  of  this  free  nitrogen  among  the  decomposition 
products  of  sodamide,  ana  to  the  facts  deduced  from  the  analyses 
bearing  on  this  phase  of  the  problem  we  now  turn. 
1 .-  Sodamide  is  net  a  stable  substance;  it  changes  its  composition 
not  only  from  frequent  opening  but  apparently  under  certain  conditions 
on  long  standing  in  closed  vessels. 

2.-  It  is  only  apparently  homogeneous;  sodium  hydroxide  and  free  sodium 
in  minute  particles  being  two  adulterants  always  present,  and  evidence 
seems  to  oe  conclusive  that  a  number  of  sodium  compounds, to  which 
reference  will  be  presently  made,  are  to  be  found  in  traces  in  it. 
3.  So dam  ides  I  and  IV  were  made  to  contain  excess  of  sodium.  The  free 
metal  could  oe  separated  quite  readily  since  the  sodamide  is  white, 
brittle  ana  crystalline  while  tne  sodium  is  dark,  waxy, massive, and 
floats  upon  the  top  of  the  soaamide  whioh  has  been  formed. 
Nevertheless  the  analyses  of  these, when  contrasted  with  tne  other 
samples  ,show  a  relatively  large  gas  evolution  and  ^naturally)  a  low 
nitrogen  percentage  because  of  the  hydrogen  present. 
The  only  other  gas  found  in  tne  products  of  decomposition  of  sodamide 
by  water  , besides  ammonia,  was  hydrogen  and  the  percentage  of  this 
gas  can  tnerefore  be  simply  deduced  from  the  percentages  of  nitrogen. 
Tne  explanation  for  the  liberation  of  this  hydrogen  is  that  minute 
particles  of  soaium  become  encrusted  with  sodamide  in  the  retort  and 
escape  the  action  of  the  excess  of  ammonia.  Accordingly  the  prooer 
preparation  of  sodamide  requires  a  prolonged  heating  in  a  slow  current 
oi  ammonia. 
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4.  When  sodamide  is  thus  made  ,  the  total  gas  insoluble  in  water  and  in 
sodium  hydroxide  solution  falls  to  a  minimum  but  iB  never  :'.ero,and 

at  tne  same  time  the  percentage  of  nitrogen  rises  nearly  to  100%. 

5.  Another  striking  fact  to  be  observed  in  the  analyses  is  that  in- 
variably the  percentage  of  nitrogen  rose  rapidly  when  the  compound 
is  Kept  for  some  time..  Reference  to  this  will  be  made  again  later. 
6.-  Tnere  is  an  actual  diminution   in  the  amount  of  hydrogen  found 
among  the  decomposition  products  of  sodamide  that  his  stood  for  some 
time,  and  in  many  cases  an  actual  and  not  merely  a  relative   increase 
in  the  amount  of  nitrogen.  The  former  is  to  be  accounted  for  as  follows. 
The  minute  particles  of  sodium  are  slowly  acted  upon  at  the  ordinary 
temperature  by  the  atmosphere  of  ammonia  always  to  be  found  over 
sodamide,  and  thereoy  new  sodamide  is  formed. 

But  while  the  hydrogen  evolved  thus  falls  to  a  minimum  the  total  amount 
of  gas  formed  does  not  fall  in  like  proportion.  On  the  contrary  it 
more  often  increases.  This  points  to  a  subtle  change  going  on  simul- 
taneously with  tne  disappearance  of  the  sodium  whereby  a  compound 
capable  of  yielding  nitrogen  is  being  continually  formed.  This  hypo- 
thetical compound  is  never  absent  in  any  sodamide  we  nave  made  or 
examined.  An  average  of  tnree  determinations  of  gases  insoluble  in 
.vater  yielded  by  a  freshly  prepared  sodamide  made  to  contain  a  min- 
imum of  free  sodium  gave  4.5  cubic  centimeters  of  gases  per  gram  of 
sodamide.  The  same  sample  four  weeks  later  gave  as  an  average  of 
tnree  determinations  5.9  cubic  centimeters  of  gases  per  gram  and  the 
volumetric  percentage  of  nitrogen  was  increased  while  that  of  hydrogen 
had  decreased.  This  relation  is  also  well  illustrated  in  the  results 
given  in  the  table  (  page8)* 

It  has  been  already  mentioned  that  3eiistein  and  Geuther  *  had 
noted  the  formation  of  cyanaraide,CNNH2»  when  sodamide  is  heated  with 
ar:.  carbon  dioxide.  Since  the  latter  gas  was  used  to  displace  air  ir 
the  apparatus  in  which  the  sodamide  was  decomposed,  and  since  the 
consideraole  heat  of  the  reaction  might  have  formed  small  quantities 
1.  Loc.  Cit. 
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of  cyanamide  whose  subsequent  decomposition  might  account  ,  ir. 
so;.:e  unexplained  way,  for  the  presence  of  nitrogen,  it  was  thought 
best  to  repeat  the  experiments  with  some  other  gas  to  see  whether 
any  change  would  occur  in  the  amount  or  the  character  of  the  gases 
developed.  Oxygen  suggested  itself  as  a  gas  which  could  easily  be 
absoroec  by  alkaline  pyrogallol  solution,  out  attempts  to  use  it 
resulted  in  explosions  of  the  mixture  of  hydrogen  and  oxygen  which 
was  detonated  by  the  minute  flame  produced  when  the  first  drcc  or 
two  01  water  strixes  sodamiae  containing  the  usual  trace  of  free  sodium. 
Nitrogen  was  then  used  ana  to  determine  the  increase  of  gas  the  apparata 
was  calibrated  in  terms  of  the  graduation  of  the  Hempel's  burette. 
0.5901  grams  of  sodamide  yielded, when  decomposed  by  water  in  the  prcsare 
presence  of  nitrogen, 46. 25  cubic  centimeters  of  gases.  Deducting 
41.45  cuoic  centimeters  for  the  capacity  of  the  apparatus,  there 
remains  4.8  cubic  centimeters  as  the  amount  of  gases&  attributable  to 
tne  decomposition. 

0.6937  grams  of  the  same  sodamide  decomposed  a  few  days  previously 
in  tne  presence  of  carbon  dioxide  yielded  4.6  cubic  centimeters  of  gas. 
It  was  evident  from  this  that  carbon  dioxide  die  not  exert  any  apprec- 
iate influence  on  the  amount  of  gas  evolved  oy    the  decomposition  of 
sodamide  with  water.  Examination  of  the  solution  left  in  the  generator 
showed  only  a  trace  of  scdium  cyanamide  as  a  bye-product  of  the  re- 
action ,  ana  it  is  not  at  all  clear  how  its  pres  ence  in  considerable 
amount  could  have  affected  the  percentage  of  nitrogen. 
In  the  second  place  it  was  assumed  that  if  heat  had  anything  to  do 
with  tne  evolution  of  nitrogen  from  sodamide  in  its  decomposition 
the  amount  could  oe  diminished  oy  working  near  the  zero  temperature. 
Accordingly  the  generatorC  A  , Fig. 2)  was  immersed  in  ice-water  and  the 
funnel  filled  with  the  same. 

0.5747  grams  decomposed  under  these  conditions  yielded  4.3  cubic 
centimeters  of  gases.  This  is  quite  comparable  with  the  yield  at 

ordinary  temperatures. 

The  conclusion  is  then  unavoidable  that  neither  temperature  nor  the 
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nature  oi   tne  diluent  gas  exerts  any  appreciable  effect  on  the  amount 

of  gas  generated,  and  the  presence  of  free  nitrogen  constantly  am< 
the  products  of  decomposition  of  sodamide  by   water  can  only  be  ascribed 
to  tne  presence  of  a  compound  of  the  triazoate  order  whose  instability 
can  account  for  the  phenomena  as  observed.* 

Tnree  tneories  nave  been  advanced  to  account  for  this  nitrogen. 

1 .-  That  tne  considerable  neat  suddenly  developed  bj  it  cr 

on  sodamide  dissociates  some  ammonia  into  its  elements.  This  is  highly 
improbable  for  if  it  were  the  case.,  the  hydrogen  formed  should  bear  a 
simple  ratio  to  the  nitrogen  ,or  at  any  event  should  be  in  excess. 
Inspection  ol  tne  analyses  show  that  in  many  cases  only  traces  of 
hydrogen  are  present. 

2.-  Tnat  minute  quantities  of  disodimide  or  of  sodium  nitride  break 
down  yielding  nitrogen.  This  is  equally  untenable  forfnot  only  has 
their  formation  in  this  manner  been  shown  to  be  highly  improbable 
out,  even  if  present,  such  compounds  being  ammonia  derivatives  would 
yield  ammonia  on  treatment  with  water;- 
NaNHa  «f  H2O  =  NHg  -f-  JiaOH  . 
Ma2NH  +  2H20-KH3+2M0H. 
NagN  4-  3HoO-  i  R34-3*.aOH, 

5.-  Tnat  traces  of  sodium  or  ammonium  triazoate,NaN30r  NH4Ng,  would 

yield  nitrogen  on  decomposition  through  the  sudden  heat  developed 

by  the  addition  of  the  first  drop  or  two  of  water.  There  is  no  evidence 

tnat  tnis  class  of  salts  decompose  quietly  though  some  of  them  explode 

on  sudden  heating*;  It  was  noted  that  the  material  in  the  generator, 

usually  about  500  milligrams,  was  spattered  about  violently  by  the 

first  contact  with  water  and  there  is  unquestionably  a  very  sudden 

rise  in  the  temperature  of  the  mass. 

#  The  invariable  presence  of  nitrogen  in  tne  decomposition  of  sodarride 

by  water  is  not  to  be  referred  to  a  constant  error  of  some  sort  in  the 
conduct  of  the  experiment,  for  this  same  method  was  repeatedly  used  in 
the  analysis  oi  a  substance  made  from  sodamide  which  yielded  or.  decor:,  • 
position  by  water  chiefly  hydrogen  and  phosphine.  In  the  greater 
number  of  instances  no  nitrogen  could  be  detected  in  the  gas  evolved. 
To  this  work  reference  is  more  full}  made  in  the  latter  part  of  this 
paper. 
1 .Ber.d .Chem . Ges .  24, 3346 . 
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tf.Wislicenus  *  has  described  a  simple  and  effective  synthesis  of 
sodium  triazoate  depending  on  the  use  of  sodamide.  It  is  essentially 
that  if  nitrous  oxide  be  passed  over  sodamide  heated  to  its  melting 
point, 155o_i600  ,  the  following  reaction  occurs  with  some  energy:- 

NaNHg  +  1,2°  -  NaN3  +-  H20  . 
The  presence  of  metallic  sodium  or  of  strong  bases  seems  necessary  and 
therefore  the  reactio:.  cannot  be  made  to  take  place  between  nitrous 
oxide  and  ammonia.  The  yield  is  acout  50  2^  and  the  method  is  capable 
oi  general  use  as  a  source  of  triazoic  acid. 

Dennis  and  Brown  d   have^witjin  the  present  year  made  a  study  of  this 
method  and  suggested  improvements  which  afford  much  more  satisfactory 
yields. 

If  tne  presence  of  sooium  triazoate  is  to  be  assumed  in  the  sodamide 
we  nave  used  ,  the  only  way  to  account  for  its  presence  is  as  follows. 
It  is  well  known  that  the  oxidation  of  ammonia  leads  through  a  series 
of  hypothetical  compounds   to  the  well-known  nitrous  and  nitric  acids,- 

2hH3  +  40=2[NJ8|jand  this  ,by  loss  of  water,  yields G$8J{,  hyponitrous 
(unknown)  acid. 

If  there  is  insufficient  oxygen  to  carry  the  oxidation  farther  ,  the  oro  - 

cess  stops  at  this  stage  and  the  unstable  hyponitrous  acid  may 

readily  break  down  into  nitrous  oxide  and  water. 

The  presence  of  traces  of  oxygen  is  not  unlikely  in  ammonia  generated 

from  strong  aqueous  solution  and  passed  througn  large  drying  towers  of 

soda-lime.  Moreover  the  short  exit  tube  of  the  retort  in  which  the 

soaamide  is  made,  and  the  central  flange  of  the  body  of  the  retort 

permit  slignt  access  of  air  to  the  mass  within. 

Very  little  soaium  triazoate  is  demanded  to  account  for  the  nitrogen 

formed.  Sodamide  yielding  5.5  cubic  centimeters  of  nitrogen  per  gram 

would  require  less  tnan  one  percent  of  sodium  triazoate. 

To  account  for  the  increase  of  nitrogen  ootained  by  decomposing  sodamide 

wnich  has  been  Kept  in  stoppered  bottles  for  some  time,  it  must  be 

1.  Ber.d.Chem.Oes.  25,2084. 

2.  Loc.Cit. 
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further  assumed  that  the  oxygen  01  the  air, the  ammonia  ,  and  the  traces 
ox  sodium  can  slowly  .react  at  ordinary  temperatures  in  the  way  that  has 
just  oeen  pointed  out. 

In  tne  attempt  to  isolate  this  compound,  experiments  were  undertaken 
which  led  into  a  qualitative  study  of  the  changes  which  sodamide  under- 
goes on  Keeping.  A  number  of  interesting  facts  were  ascertained  and 
furtnermore  a  line  of  investigation  was  indicated  which  it  was  imposs- 
ible for  the  writer  in  the  limited  time  at  his  disposal  to  fully  exploit.* 
The  phenomena  which  led  to  this  part  of  the  work  are  here  recapitulated 
and, after  a  brief  description  of  the  work  done,  sor.e  theoretical  con- 
clusions are  appended  which  await  further  confirmation. 

1.  The  co.lor  change  in  sodamide  on  keeping. 

2. The  violence  (often  explosive)  of  the  decomposition  of  sodamide 
by  water. 

5.  The  examination  of  the  solution  obtained  through  this  decomposition. 

4.  Tne  two-fo«ld  source  of  nitrogen  in  the  breaking  down  of  the 
colored  variety  oi  sodamide  by  water. 

5.  Tne  reaction  with  alcohol. 
5.  The  cyanamide  reaction. 

Tne  color  change   is  evidently  the  key  to  the  explanation  of  seme  of 
tne  other  phenomena.  The  facts  are  these:- 

Sodamide»when  freshly  made  ,  is  white, sol  id, and  crystalline.  Upon  long 
keeping  it  becomes, with  few  except  ions, yellowish-brown, somewhat  oorous, 
and  it  loses  its  crystalline  appearance.  That  this  was  not  due  to  change 
induced  by  atmospheric  moisture  and  consequent  breaking  down  into  sodium 
hydroxide  colored  oy  iron  was  assured  by  analysis  of  one  specimen  of 
sodamide  which  had  undergone  the  color  orange.  It  was  shown  that  deter- 
ioration had  only  partially  taken  ^lace  for  the  ammonia  found,  calculated 
#  The  work  is  not  described  in  this  paper  in  the  ordear  in  which  it  was 
carried  on.  The  reactions  of  sodamide  witi\  phosphorous  pentachloride  and 
witn  yellow  phosphorus  were  first  taken  up,  and  as  much  of  the  time  as 
was  left  was  devoted  to  tae  study  of  soaarnide  itself. 
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as  HH2gave  35.85%  and  35.61%  as  the  result  of  two  determinat ior s, 
wnereas  the  theoretical  amount  is  41.07%.  The  negative  result  of  the 
test  for  iron  has  been  already  given. 

For  a  considerable  time  the  change  was  ascribed  to  the  action  of  light. 
But  samples  kept  in  dessicators  both  in  the  light  and  in  the  dark 
showed  conflicting  results. 

It  was  show., however,  that  the  change  is  in  some  w  ay  dependent  upon 
the  amount  of  dry  air  which  comes  into  contact  withthe  sodamide  ,and 
upon  the  length  of  time  of  exposure  to  the  air;  for  it  was  observed  that. 
1.  The  sodamide  which  had  been  kept  longest  had  undergone  the  greatest 
change  when  conditions  of  treatment  otherwise  were  the  same. 
Externally  the  lumps  were  covered  with  a  white  incrustation  (probably 
oi  sodium  hydroxide)  but  when  broken  open  they  were  porous,  friable  , 
and  Colored  throughout. 

fi.  Powdered  sodamide  underwent  this  change  of  color  much  more  rapidly. 
3.  Small  bottles  with  accurately  fitting  stoppers  ,  not  opened 

repeatedly  as  most  of  the  samples  were,  suffered  little  or  no  change 
in  their  contents. 

The  effect  of  this  change  upon  the  sodamide  is  very  evident. 
Two  samples  of  the  same  material  were  powdered  and  so  treated  that 
air  had  more  complete  access  to  one  than  to  the  other.  At  the  end  of 
five  weeks  the  one  tightly  closed  nad  suffered  no  change  in  color, 
could  be  decomposed  in  the  usual  way  in  the  apparatus  shown  in  Fig.2 
and  showed  the  usual  diminution  in  hydrogen  with  but  a  slight  increase 

in  nitrogen. 

The  other  portion  was  dark  in  color  and  exploded  with  violence,  when  the 
first  drop  of  water  was  admitted  upon  it  from  the  funnel,  in  three 
successive  repetitions  of  tne  experiment.  When  thrown  into  water  it 
decomposed  energetically  with  flame.  Thrown  into  alcohol  it  left  a 
considerable  white  residue.  In  all  cases  the  decomposition  of  colored 
sodamide  seems  more  violent  than  that  of  the  white  variety  and, as 
already  mentioned,  tne  explosion  of  the  globule  which  floats  upon  the 
surface  of  tne  water  is  more  violent. 
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When  tne  two  varieties  of  sodarnide  are  dissolved  in  alcohol  ,  the 
yellow  variety  imparls  a  deep  brown  shade  to  the  liquid  ana  this  is  only 
partially  discharged  by  acids.  Wnite  sodarnide  imparts  no  color. 
An  insoluble  residue  is  left  after  the  solution  of  the  yellow  variety. 
Decomposition  oi  tnis  by  acids  yields, as  one  of  the  products  ,  carbon 
dioxide  tnus  pointing  to  the  existance  of  traces  of  sodium  carbonate. 
It  is  in  this  residue  that  sodium  triazoate  should  be  found, if  found  at 
all  ,  since  sodium  triazoate  is  almost  insoluole  in  absolute  alcohol. 

The  examination  of  the  solution  formed  by  throwing  sodarnide  into 
water  also  gave  distinctive  reactions  differentiating  the  yellow  and  the 
white  varieties.  Without  exception  the  yellow  sodarnide  solution  responded 
to  the  various  tests  for  nitrous  acid,  yielding  fumes  of  nitrogen 
peroxide  with  excess  of  dilute  sulphuric  acid,  and  giving  a  deep  brown 
coloration  with  meta  phenylene  diamine.  The  solution  of  the  white  variety 
failed  to  yield  these  tests. 

In  the  theory  already  elucidated  to  explain  the  possible  presence  of 
a  compound  of  the  triazoate  order,  it  is  evidently  only  necessary  to 
carry  the  oxidation  of  the  ammonia  one  step  farther  to  account  for  the 
presence  of  nitrous  acid.  The  formation  of  nitrous  acid  after  the  sod- 
arnide has  been  Kept  for  a  considerable  time  and  not  during  the  process 
of  its  manufacture  seems  conclusive  evidence  that  either  the  nitrogen 
of  the  air  can  enter  into  react ionwith  sodarnide  without  the  aid  of  heat, 
or, more  probably,  that  the  oxygen  of  the  air  can  effect  oxidation  of 
the  nascent  ammonia  formed  by  the  slow  breaking  down  of  a  part  of  the 
sodarnide.  Tnis  oxidation  product  would  then  combine  with  the  base  to 
form  sodium  nitrite.  But  since  the  latter  is  undoubtedly  present,  it  is 
not  at  ail  unlikely  that  traces  of  sodium  hyponitrite  are  also  present 
for  its  formation  would  involve  merely  the  supposition  of  the  presence 
of  one  of  the  intermediate  products  of  oxidation.  And  the  presence  of 
hyponitrous  acid, as  we  have  seen, renders  possible  ,if  not  probable, 
the  presence  of  sodium  triazoate. 

lfyponitrous_acid,aocording_to_Hantzsch_^ 

1.-  Ann.  Chem.  Pnarm.  Liebig  299,  67. 
Ber.d.Chem.aes.  30,  2356. 


17. 

varieties  one  of  which, called  isohyponitrous  acid,  yields  no  yellow 
precipitate  with  silver  nitrate, but  it  gives  a  white  precipitate  with 
mercuric  nitrate;  the  normal  hyponitrous  acid, on  the  contrar",  yields 
yellow  silver  hyoonitrite  ana  no  precipitate  with  mercuxic  nitrate. 
In  applying  tnis  test  there  was  obtained  a  slight  orecipitate  with 
mercuric  nitrate  pointing  to  the  existence  of  one  of  the  above  hypo- 
nitrous  acids. 

When  the  solution  in  water  of  the  yellow  sodamide  was  decomposed  with 
ciiute  sulphuric  acid  in  a  small  vessel  from  which  the  air  had  been 
displaced  Dy  carbon  dioxide,  a  number  of  gases  were  evolved. 
The  apparatus  was  connected  with  a  Hempel's  burette  in  order  to  collect 
ana  examine  the  gases.  Dilute  sulphuric  acid  was  admitted  slowly  through 
a  aropping  funnel  ar.d  at  first  tnere  was  a  considerable  evolution  of 
caroon  dioxide.  This  , together  with  any  ammonia  which  may  have  been 
aisar.gaged  before  neutralization  of  the  strongly  alkaline  liquid, was 
completely  absorbed  by  shaking  with  the  solution  of  sodium  hydroxide 
in  the  ourette.  After  the  neutralisation  of  the  alkali,  an  excess  of 
acid  was  introduced  and  the  solution  was  boiled.  The  gases  were  com- 
pletely ariven  into  the  ourette  and, after  shaking, there  remained  a 
consiaerable  residue  unabsorbed. 

By  admitting  this  into  a  eudiometer  partially  filled  with  oxygen  over 
water  there  was  noted  the  formation  of  nitrogen  peroxide  and  consequer  t 
diminution  o:  volume  through  its  aosorption.  But  a  residue  still  remained 
which  aid  not  combine  with  oxygen  even  on  passing  the  spark. 
Into  another  portion  of  tne  gas  pure  hydrogen  was  passed  and  the  mixture 
was  s,arked,but  tnere  was  no  evidence  of  any  combination  having  occured. 
Hence  it  was  highly  improoable  that  either  oxygen  or  nitrous  oxide 
was  present  in  any  appreciable  amount  in  the  gases  and  the  conclusion 
seemed  unavoidable  that  the  remaining  gas  was  nitrogen. 
A  third  portion  was  passed  into  a  Bunsen  gas  pipette   filled  with 
aqueous  solution  of  ferrous  sulphate.  The  formation  of  the  charac- 
teristic brown  compouna  of  nitric  oxide  with  ferrous  sulphate  occurred 
and  a  residue  of  nitrogen  remained.  The  nitric  oxide  was  in  slight 
excess  as  will  be  seen  from  the  following  results  obtained  bv  the 
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decomposition   of  tnree  separate  portiors  oi  sodamide,  the  lack  of 
homogeneity  in  which ^  has  been  shown  elsewhere  as  well  as  in  this  series. 
Taole  of  Ratios  of  .    Nitrogen  to  Nitric  Oxide. 


1st  portion--  in  eudiometer  with  oxygen, 


1.-  1  part  nitrogen  to  2.5  parts  nitric  oxide, 
2.-  1   "      "      "  2.58  " 


2nd  portion--  determined  as  above 


1.- 

1 

part 

nitre 

to 

1.5  parts  nitric   oxide. 

2.- 

1 

n 

ii 

H 

1.4     " 

i                ii 

3rd 

portion.   Nitric 

OX 

ide  absorbed 

by    ferrous   sulphate. 

1.- 

1 

part 

nitrogen 

to 

1.21   parts 

nitric   oxide. 

2.- 

i 

" 

" 

II 

1.3 

M              ii 

While  tne  decomposition  of  nitrous  acid  can  account  readily  for  the 
presence  of  nitric  oxide  and  nitrogen  peroxide, it  fails  completely  to 
account  for  the  phesence  of  nitrogen. 

Hyponitrous  acid  usually  breaks  down  into  nitrous  oxide  and  water, 
but, when  violently  decomposed,  water, nitrogen  ,and  oxygen  are  produced. 
If  both  acias  are  present}  secondary  reactions  between  nitric  oxide  and 
oxygen  would  explain  the  absence  of  oxygen, and  excess  of  ritric  oxide 
would  remain  if  nitrous  acid  were  present  in  greater  amount  than  hypo- 
nitrous  acid  as  is, no  douot,  tne  case. 

The  possibility  that  exists  here  for  the  formation  and  presence  of 
otner  compounds  in  diminutive  traces  is  evident  from  a  consideration  of 
such  work  as  the  foi lowing :- 

VonBracKel   .has  obtained  hydrazine  from  the  reduction  of  hyponitrous 
acid.  Hant :sch  2  ^as  converted  nitroso  hydroxylamine  into  hyponitrous 
acia  and  has  snown  the  possibility  not  only  of  stereoisomers  of  this 
acid  but  also  of  a  structural  isomer,  nitramide,  NC^Hg* 
Divers, 5  van  der  Plaatsf  and  Paal5  have  each  done  -work  showing  the 
intimate  relationship  that  exists  between  nitrites, hyponit rites, 

l.Ber.d.Chem.Ges.  33,  2115. 
2.Loc.  Cit. 

3.Proc.Roy.Soc.  XIX, 425. 
4.Ber.d.Chem.Ges.  10,1507. 
5.  Ioid  26,1026. 
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hydroxy 1  amine, hydrazine  etc.  and  in  many  cases  there  are  conilicting 

statements. 

The  study  of  the  Decomposition  of  sodamide  by  v/ater  has  revealed  some 

interesting  facts  concerning  the  nitrogen  evolved:- 

1.  All  sodamide, white  or  yellow  yields  nitrogen  when  decomposed  by  water 

in  an  atmosphere  of  carbon  dioxide.  This  nitrogen  is  evolved  in  the 
presence  of  an  excess  of  alkali. 

2.  Yellow  sodamide  in  the  aoove  reaction  when  further  treated  with 
excess  of  acids  yields  a  second  portion  of  nitrogen  and  nitric  oxide 

is  also  evolved. 

3.  White  sodamide  decomposed  oy  water  does  not  yield  with  excess  of  acids 
any  gases  which  are  not  absorbed  by  the  sodiup  hydroxide. 

The  significance  of  these  facts  is  that  a  compound  ,at  least  anal- 
agous  to  a  triazoate,  is  partially  brrken  down  in  alkaline  solution 
ana  completely  decomposed  by  acids.  A  salt  of  nitrous  or  hyponitrous 
acids  is  indifferent  to  alkaline  reagents  but  is  decomposed  by  acids. 

It  will  be  necessary  to  prepare  sodamide  under  the  most  Taried 
possible  conditions,  to  expose  it  to  long  contact  with  quantities  of 
dry  air  both  at  ordinary  and  at  somewhat  elevated  temperatures,  and  to 
verify  by  preparation  in  quantity  of  hyponitrous  acids  and  its  related 
compounds  a  series  ol  reliable  tests  which  may  be  emoloyed  in  inves- 
tigation of  the  yellow  variety  of  sodamide.  This  work  is  not  unimpor- 
tant if  soaamide  is  to  be  usea  as  a  reagent  because  of  the  complicated 
side  reactions  which  such  traces  may  render  possible. 
Sodium  cyanamide. 

In  the  course  of  this  investigation  it  was  noted  that  when  a  cylinder 
containing  a  small  amount  of  water  heated  almost  to  boiling  was  filled 
with  carbon  dioxide  in  continuous  supply  and  powdered  sodamide  was 
slowly  sifted  in  from  a  specially  arranged  tube  passing  through  the 
stopper  ,tne  particles  of  sodamide  in  falling  through  the  carbon  dioxide 
were  heated  to  incandescence.  Eacli  addition  of  sodamide  was  accompanied 
by  evolution  of  gas  which  was  almost  immediately  dissolved  as  ammonium 
carbonate,  and  more  carbon  dioxide  would  then  flow  in. 
If  the  cylinder  was  tightly  closed  and  the  carbon  dioxide  supply  shut 
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off, greatly  diminished  pressure  resulted  and  the  sodamide  ceased  to 
inflame.  The  latter  also  occurred  when  the  temperature  of  the  water 
fell  much  below  60°  or  if  the  carbon  dioxide  became  diluted  with  nitrogaij 
hyarwgen, ammonia  o  r  air.  Pure  oxygen  added  to  the  carbon  dioxide 
geemed  to  increase  the  brilliancy  of  the  combustion.  There  was  no  pro- 
duction of  spares  whatever  when  sodamide  was  dropped  into  dry  carbor 
dioxide.  Qualitative  examination  of  the  solution  within  the  cylinder 
at  the  close  of  the  experiment  showed  that  sodium  cyanamide  was  present, 
and  occurred  most  abundantly  in  those  experiments  that  were  rich  in 
spark  production.  This  method  for  the  formation  of  cyanamide  has  not 
been  hitherto  described.  t 

geilstein  and  Geuther  Igave  for  the  formation  of  cyanamide  this  equation 

CO2+  2NaNH2  =  CNNH2  -/-  2NaOH. 
Drechsei  *  showed  that  this  reaction  was  not  an  analogous  one  to  the 
react  ion, given  by  the  same  authors,  to  explain  the  action  of  carbon 
bisulphide  on  sodamide,  and  that  one  or  the  other  should  be  revised 
in  accordance  with  what  is  commonly  accepted  as  to  the  ability  of 
sulphur  to  substitute  oxygen  in  formation  of  homologous  and  analogous 
series.  He  accordingly  stated  that  the  reaction  probably  took  place 
in  three  stages  as  foliows:- 
1.-  «02+KafcH2  =  °C(oJ?a  -sodium  carbamate. 
2.-  i  H^CCOr-a +heat  -  H20  -t-NCONa-  sodium  cyanate. 
5.-  NC0Na  +  NaNH2   =  H^O  -J-CMKag  -  disodium  cyanamide. 
That  the  disodium  salt  was  formed, he  showed  by  the  fact  that, whereas 
cyanamide  breaks  down  at  about  155°,  and  monosodium  cyanamide, below 
a  red  heat,  this  substance  was  stable  at  much  higher  temperatures. 

The  quantitative  analysis  is  best  carried  out  with  the  silver  salt, 
CNNAg2,— •  a  brill iant-yellow, amorphous  precipitate  produced  by  addition  of 
ammoniacal  silver  nitrate  solution  to  a  solution  of  cyanamide  or  any 
of  its  salts.  The  precipitate  was  dried  at  130°  and  analyzed  as  follows:- 

1.  Loc.Cit. 

2.  ..  .Prakt.Chem.  (2),11,308;&  16,203. 
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1.-  For  silver, gravimetr ical ly  as   silver  chloride. 

0.3576   grams   of    substance   gave  0.3930   grams   ApCI  , equivalent    to  82.71/,  Ao. 
The  theoretical   amount    is  84.34%. 


.      J    1811.342 
.ined,|0i.( 


ilstein  and  Geuther  obtained, |qi  .53^, 

f80.6  % 
Drechsel   obtained ,   13 1.6  % 

Mulder  "  ,  82.9  % 

It  was  pointed  out  by  Mulder  that  the  explanation  for  these  uniformly 

low  results  was  probably  to  be  found  in  the  presence  of  silver  dicyan- 

diamide,C2N4H3Ag,  in  small  quantity , formed  through  the  tendency  so 

frequently  displayed  by  cyanogen  compounds  to  polymerize. 

2.-  For  nitrogen, volumetrically  by  Dumas'  method. 

0.4214  grams  of  substance  gave  38.34  cubic  centimeters  of  nitrogen 

at  0°  and  760  millimeters  pressure.  This  represents  11.37%  N. 

The  theoretical    for  nitrogen    is    10.971 

3.-  For  carbon  by  combustion  with  copper  oxide  in  presence  of  reduced 

copper  spiral . 

0,5496  grams  of  substance  °;avel0.1104  COo  equivalent  to  5.47%  carbon. 

[0.0174  H2O      •-     "  o.35%  hydrrgen. 

The  theoretical  for  carbon  is  4.68%. 

These  results  for  nitrogen  and  carbon  serve  in  some  degree  to  confirm 

the  theory  of  Mulder  given  above,  for  , while  a  portion  of  the  water 

may  not  unlikely  be  attributed  to  traces  of  moisture  absoroed  by  the 

apparatus  and  copper  oxide  or  imperfectly  removed  from  the  oxygen  used 

in  the  comoustion,  it  is  hardly  probable  that  both  nitrogen  and  carbon 

should  be  in  excess  of  the  theoretical  percentage  while  at  the  same 

time  silver  was  deficient  unless  traces  of  a  compound  were  presert 

containing  a  higher  proportion  of  carbon  and  in  addition  sore  hydrogen 

as  well  as  a  lower  proportion  of  silver  as  this  silver  dicyandiamide 

aoes . 
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Quantitative  analysis  of  sodamide. 

No  analyses  of  sodamide  in  the  ordinary  way   involving  the  breaking 
down  of  the  compound  have  been  published;  due, doubtless,  to  the  diffi- 
culty of  regulating  the  decomposition.  Analyses  to  be  of  any  value  must 
also  oe  made  from  freshly  prepared  material,  for  the  composition  varies 
from  day  to  day  and  in  different  portions  of  the  same  maHs.  Owing  to 
these  facts  synthetical  methods  of  analysis  are  of  more  value. 
However  it  was  found  that  the  substance  could  be  decomposed  within  a 
pressure  oottle  in  the  presence  of  some  acid  which  would  dissolve  the 
ammonia  gas.  The  substance  was  weighed  in  a  closed  weighing  bottle  and 
after  removing  its  stopper  tne  oottle  was  placed  in  an  upright  Dosition 
in  a  pressure  flask  containing  a  little  hydrochloric  acid. 
After  24  hours  the  bottle  could  be  tilted  to  allow  substance  and  acid 
to  come  into  intimate  contact. 

The  sodium  was  determined  as  sulphate  after  expulsion  of  the  hydrochlor- 
ic acid  and  the  ammonia  was  distilled  into  a  standard  acid  after 
lioeration  by  means  of  excess  of  alkali  hydroxide. 
a.  Determination  of  sodium. 
0.2158  grams  gave  0.3847  grams  of  sodium  sulphate  corresponding  to 

67.81$   of  sodium. 
0.1662  grams  gave  0.2934  grams  of  sodium  sulphate  corresponding  to 

67.25%   of  sodium.  The  theoretical  amount  required  is  58.93%. 
o.  Determination  of  ammonia. 
0.2816  grams  gave  37.38%  NH2 
0.3832  grams  gave  37.91%  NHfi. 

It  has  been  stated  that  sodamide.  can  be  kept  in  a  relative  state  of 
purity  for  a  long  time  under  dry  benzene  and  in  many  syntheses  the 
presence  of  the  latter  does  not  complicate  the  reaction. 
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Sodamide  and  Phosphorous  Pentachloride. 

The  elements  o ;.   kvfcich  sodamide  is  composed  ,  its  constitution  , 
its  avidity  for  water  and  its  behavior  withfaany  reagents  lead  one  to 
the  conclusion  that  it  is  an  active  anc(  energetic  reagent. 
Although  it  has  not  been  used  to  any  great  extent  in  inorganic  reactions, 
it  has  been  used  by  Titherly  *  in  a  series  of  organic  syntheses   in 
the  course  01  which  he  pointed  out  that  it  is  the  hydrogen  and  not 
the  sodium  atom  which  is  active.  Freund  and  Speyer  2  and  others  have 
also  employed  sodamide  for  organic  work. 

A  number  of  weeks  after  the  investigation  herein  described  had  been 
commenced  Stock  and  Hoffman  3  puolished  an  account  of  the  preparation 
of  a  new  nitride  of  phosphorus, P3N5,  by  treating  phosphorous  penta- 
sulphide  with  liquid  ammonia  and  heating  the  complex  compound  formed. 
It  may  also  be  formed  by  heating  the  pentasulphide  directly  in  a 
stream  of  ammonia  gas  to  230°. 

It  seemed  not  improbable  that  sodamide  acting  on  phosphorous  penta- 
chloride could  effect  a  transformation  such  as:- 
SPCl5+10NaNHg=  P3N5-I-6NH4CI +-10NaCl  f   or 

[SPCl6  +  15NaNH2  =  S(P(NH2)5)  -MBNaCl 
3(P(NH£)5) -f-  heat  =  P3N5  +  IONH3,  or  similar  compoundsof  phosphorus 
witn  amidogen  or  its  residue. 

The  work  of  Joannis  4  who  obtained  borwi  triamide  by  passing  the 
vapor  of  boron  trichloride  together  with  hydrogen  through  liquid  ammonia; 
of  Schiff  5  who  prepared  a  phosphoryl  triamide  ,  P0(NR"2)3  from  phos- 
phorous  oxychloride  and  dry  ammonia;  of  Hugot  8  who  worked  with  sod- 
ammonium,  NaNH§,_on  phosphorus  andonarsenicj  ofBesson^  who  obtained 

1  ••  .Ghem.Soc  .London  71,  460. 
2.Ber.d.Chem.Ges.   35,  2321. 

3.  Ioid.  36,  314  . 

4.  Gompt.Rend.     135,  1106. 
B.Ann.Chem.Pharm.   101,299  . 

6.  Compt.  Rend.     121,206;  126,1719;  127,553. 

7.  Ibid.  114,  1264. 
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as  a  finaipr«Avttphospham,PN2H,  from  the  double  salt  obtained  by  treating 

phosphorous  pentachloride  with  ammonia; and  of  others  who  have  used 

liquid  ammonia  or  ammonia  gas,  points  clearly  to  the  fact  that  compounds 

containing  ammonia-nitrogen  have  been  made  in  considerable  variety 

and  are  of  unusual  chemical  interest. 
Preparation . 

When  powdered  sodamide  and  phosphorous  pentachloride  are  brought 
togetner  in  small  quantities  in  a  dry  test  tube  and  the  mixture  slightly 
warmed  a  violent  reaction  ensues  accompanied  by  flame  and  by  the 
evolution  of  much  white, extremely  light  powder,  the  greater  oart  of 
which  settles  or  the  sides  of  the  tube.  The  bottom  of  the  tube  is 
usually  melted  out  by  the  heat  generated.  The  white  powder  was  collected 
and  thrown  into  water.  The  greater  part  cf  it  dissolved  readily,  and 
this  was  found  by  qualitative  tests  to  consist  of  ammonium" and  sodium 
chlorides  and  of  phosphorous  compounds.  A  small  portion  was  found  to 
oe  insoluble  in  water. 

The  results  attained  in  this  rough  qualitative  way  seemed  to  warrant 
more  careful  experiment,  and  accordingly  the  following  apparatus  was 
devised  for  the  work. 

A  large  bell- jar  with  a  diameter  of  about  26, and  a  height  of  about 
30  centimeters  was  fitted  to  a  ground  glass  plate  from,  which  had  been 
cut  a  portion  of  sufficient  width  to  admit  the  glass  tube  through 
wnich  pure  nitrogen  was  admitted.  The  nitrogen, made  from  molecular 
equivalent  amounts  of  sodium  nitrite  and  ammonium  chloride,  was  stored 
in  a  gasometer, washed  through  three  drying  bottles  containing  strong 
sulphuric  acid  and  passed  over  heated  copper  gauze  to  remove  traces 
of  oxygen  and  of  oxides  of  nitrogen. 

Fitted  tightly  into  the  neck  of  the  bell-jar  was  a  wide  glass  tube 
which  could  be  raised  or  lowered  at  will.  In  the  top  of  the  tube  was 
oiaced  a  funnel  which  served  to  direct  the  fall  of  the  materials  to 
be  introauced  into  the  small  porcelain  dish  placed  within  the  jar. 
A  slow  stream  of  nitrogen  was  conducted  into  the  apparatus  for  a  con- 
siderable time,  the  tube  in  the  neck  of  the  bell- jar  having  been  drawn 
up  its  full  length  to  facilitate  the  expulsion,  of  air  from  the  appar- 
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atus.  Without  interrupting  the  flow  of  gas,  small  nearly  equal  portions 
of  powdered  sodamide-and  of  ohosphorous  pentachloride  were  alternately 
dropped  thrrugh  the  funnel  tube  which  had  been  partially  lowered. 
The  reaction  usually  too.-c  place  at  once  out,  if  not,  a  warmed  glass 
rod  inserted  through  the  tube  was  sufficient  to  start  it. 
The  energy  of  the  reaction  was  much  diminished  by  the  atmosphere  of 
nitrogen,  and  if  carawas  exercised  to  add  the  materials  in  very  small 
quantities  not  much  of  the  white  product  was  projected  into  the  air. 
There  was  sufficient  heat  generated  by  the  union  of  the  first  portions 
to  carry  the  operation  on  to  the  end.  The  time  consumed  In  introducing 
into  the  apparatus  about  36  grams  of  phosphorous  pentachloride  and 
30  grams  of  sodamide  was  about  two  hours. 

It  was  noted  that  the  addition  of  either  reagent  in  excess  soon  in- 
terrupted ignition, but  action,  was  at  once  restored  with  considerable 
vigor  when  change  to  the  other  reagent  was  made. 

The  apparatus  was  allowed  to  cool  in  the  current  of  nitrogen  and  upon 
opening  the  bell- jar  its  sides  and  the  bottom  plate  were  found  to  be 
coverea  to  a  considerable  depth  with  a  deposit  of  exceedingly  white, 
light  powder  in  a  state  of  extremely  fine  subdivision.  In  the  porcelain 
dish  was  a  solid  core  consisting  largely  of  sodium  chloride  and  of 
traces  of  tne  reagents  used. 
Separation  and  purification  of  the  sublimate. 

To  separate  the  soluble  from  the  insoluble  portions  was  found  to  be 
an  exceedingly  difficult  and  unsatisfactory  task.  When  the  powder  was 
thrown  into  water  much  of  it  went  into  solution,  a  small  oortion 
sett  leu, but  tne  water  assumed  and  retained  a  milky  appearance  which 
did  not  disappear  after  two  months  standing. 

It  has  been  found  impossible  to  separate  and  purify  the  residue  in  this 
way.  If  filtration  be  attempted,  the  pores  of  the  paper  or  of  the 
asbestos  filter  quickly  become  clogged  so  effectually  that  the  suction 
pump  is  unable  to  remove  tne  water.  The  portion  of  the  residue  which 
comes  into  contact  with  the  filter  forms  a  gummy  mass  and  adheres 
to  it  with  such  tenacity  that  separation  of  filter  and  precipitate 
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is  impossible  after  drying. The  yield  of  insoluble  portion  is  so  small 

that  washing  by  degantat ion  results  in  almost  complete  loss  of  the 

precipitate  before  the  soluble  portions  are  removed. Washing  with 

alcohol  or  other  organic  solvents  is  impracticable  owing  to  the  quite 

complete  insolubility  of  the  chlorides  which  it  is  desired  to  remove. 
If  the  powder  is  treated  with  with  moderately  dilute  nitric  acid  an 

insoluble  residue  soon  settles  and  the  supernatant  liquid  becomes 
clear.  Specimens  o$  the  precipitate  for  analysis  were  obtained  by 
treating  the  white  powder  twice  with  a  large  quantity  of  dilute  nitric 
acid(one  part  of  acid  to  four  of  water),  the  supernatant  liquid  being 
decanted  each  time  as  carefully  as  possible,  and  once  with  acid  diluted 
with  about  twice  its  volume  of  water.  Each  time  the  beaker  containing 
it  was  heated  to  nearly  100°  on  the  water-oath  for  about  30  minutes. 
Brown  fumes  of  nitrogen  peroxide  were  evolved  on  heating  and  these 
v.ere  ascribed  at  first  to  the  oxidation  of  traces  of  phosphorfus 
compounds  which  are  undoubtedly  present.  The  results  of  analysis 
indicate  that  it  is  far  more  likely  that  the  oxidation  takes  olace 
in  the  insoluble  compound  itself. 

Acetic  acia  of  25*-  strength  can  also  be  used  to  separate  the  soluble 
impurities,  the  powder  obtained  being  somewhat  more  voluminous. 
If  hydrochloric  acid  is  used  there  is  also  rapid  settling  of  insoluble 
residue, Dut  when  this  is  dried  at  1000  \r   ar_  air  bath  it  is  semi- 
liquid  and  gummy  and  on  further  heating  to  145°  the  mass  becomes, 
after  cooling, gray, bard, tenacious, and  vitreous. 

The  above  acids  if  diluted  further  as  well  as  sulphuric  acid  or  sol- 
utions of  the  fixed  alkali  hydroxides  do  not  effect  separation  of 
tne  two  portions.  After  decantatior  from  the  acid  washings  ,the  powder 
was  dried  in  -lass  vessels  at  100°  and  separated  from  the  glass  by 
tne  aid  of  a  piece  of  stiff  platinum  wire.  The  yield  was  about  2.5% 
of  tne  weight  of  the  .vhite  product  used. 

Purification  was  also  attempted  by  heating  the  substance  in  a  combus- 
tion tube  in  a  current  of  dry  nitrogen.  The  escaping  gases  were  per- 
mitted to  flow  through  a  strong  solution  of  potassium  hydroxide. 
At  a  dull  red  neat  the  compound  gave  off  vapors  which  condensed  in  the 
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cool  portion  of  the  tube  ana  also  a  white  vapor  which  was  driven 
tnrougn  the  potash  solution  without  absorption  or  change.  A  gray  mass 
with  the  taste  of  sodium  chloride  and  almost  entirely  insoluble  in  water 
was  left  in  the  tube.  It  seemed  at  the  time  thus  impossible  to  control 
purification  oy  this  method  and  the  further  prosecution  of  it  was 
abandoned  owing,  largely  to  the  fact  that  the  yield  of  the  compound  was 
so  small  that  the  purification  by  acid  was  deemed  more  economical. 
Properties  of  the  insoluble  portion. 

The  powder  thus  obtained  was  a  white,  nearly  tasteless,  odorless 
compound  exceedingly  inert.  Boiling  with  the  strong  mineral  acids  did 
nox  affect  it  ana  similar  treatment  with  aqua  regia  or  with  concentrat- 
ed ootassium  hydroxide  affected  it, if  at  all,  to  so  slight  an  extent 
as  to  be  unnoticable  if  the  action  was  not  prolonged.  No  solvent 
could  be  found  for  it. 

Tnree  methods  were  devised  which  were  effective  in  decomposing  it. 
1 .-  Heated  with  water  in  a  sealed  tube  for  three  hours  to  180°  ,  it 
was  decomposed  and  the  sol  tion  on  opening  the  tube  yielded  the  odor 
of  ammonia  and  responded  to  the  molybdate  of  ammonium  test  for  phos- 
i^noric  acia. 

2.-  Treated  with  aqueous  solution  of  hydrofluoric  acid  and  a  little 
sulpnuric  acid  in  a  platinum  crucible,  the  compound  was  broken  down 
upon  tne  applicatioi  of  gentle  heat.  A  solution  of  the  residue  gave 
the  test  for  phosphoric  acid. 

<5.-  Heated  to  dull  redness  for  four  hours  in  a  combustion  tube  with  a 
mixture  of  powdered  hydroxide  and  nitrate  of  potassium,  ammonia  was 
evolved  and  a  phosphate  remained  behind.  A  silver  boat  was  used  and  a 
slow  stream  of  dry  air  was  forced  over  the  heated  mass. 
Analysis. 

The  above  methods  were  all    employed   in   tne  analysis  of   the  compound. 
In  tne  practical    application  of   the    first  method   it   was  no   ted  that   whm 
water  alone  was   used  tne   tube  was  badly  attacked  and  several   grams  of 
silica  were   separated.    It   was   found  best   to   employ  dilute  hydrochloric 
or  sulphuric   acids    for   the   two-fold   purpose   of   diminishing;   the   separation 
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of  sijica  and  of  fixing  the  ammonia  in  the  non-volatile  condition. 
In  all  determinations  of  phosphoric  acid  by  this  method  , however,  it 
was  necessary  to  separate  silica  in  the  usual  way  before  estimating 
the  phosphorus  as  magnesium  pyrophosphate. 

The  secsnd  method  was  available  for  the  determination  of  phosphoric 

acid  only.  It  possessed  the  advantage  of  rendering  unnecessary  the 

previous  removal  of  silica. 

The  third  method  was  not  free  from  silica  contamination  since  it  was 

impossible  to  prevent  distillation  of  the  contents  of  the  silver  boat 

on  to  the  combust  ion > tube. 

In  the  first  method  the  ammonium  salt  was  decomposed  by  distillation 

with  sodium  hydroxide,  the  ammonia  being  absorbed  by  a  standard  acid, 

while  in  the  third  method  the  ammonia  was  received  directly  into  the 

acid. 
Table  of  analyses  of  the  insoluble  residue. r 


Wt.  in  Gms 


0 .0864 
0  .0739 
C.0810 
0  .0578 
0.0638 
0.1108 


of   P, 


33.67 
40.31 


40.31 
40.26 


%  of  N, 


19.42 
20.58 
21.54 

20.75 
21.50 


Method  of  decomposition. 


Fusion  with     KOH  &-CNO3  4  hours. 

5   1/2  hours. 

.' "        "     J 

3y  hydrofluoric   acid 
In  sealed   tube   at    I8O0. 


vitreous  mass  obtained  by  hydrochloric  acid 


0  .0630 
0 .  1008 


26.56 
27.5c 


15.11 
14.57 


In  sealed  tube  at  130°. 


Analysis  of  portion  dissolved  out  by  nitric  acid, 


Wt.  of  material  Wt.  of  NH4  Wt .  of  CI  Wt.  of  P  Wt .  of  Na 


3.608 


0 .2879 


1.6998 


0.2512 


0.7382 


Corresponding  to: 
NaCl 

undetermined 


1 .8735  gram; 

%-Mi    :: 

0.0777        .• 

3.608C 
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Interpretat ior  of  results. 

Whatever  the  con pesit ior  of  the  compound  represented  by  the  above 

analyses  may  prove  to  be,  it  is  clear  that  the  phosphorus  and  the 

nitrogen  stand  in  the  ratio  of  1  :  1.  The  results  of  the  analysis  of 

the  compound  purified  by  hydrochloric  acid  show  that  it  was  to  a  con- 
sicleraole  extent  broker,  down  and  they  are  therefore  not  considered. 

Tne  analyses  correspond  to  the  formula  P02Nor  to  some  polymer  of  it. 
Such  formula  requires  40.24%  phosphorus, 13.22%  nitrogen, 41. BS%   oxygen. 

There  was  found     40.28%  phosphorus, 20. 35%  nitrogen. 
The  excess  of  nitrogen  can  well  be  charged  to  the  fact  that  in  a  com- 
pound purified  by  nitric  acid,  from  which  the  acid  could  be  removed 
only  by  washing  with  weak  acid  and  heating  in  an  air  bath  to  1000 
it  would  oe  quite  impossible  to  remove  all  traces  of  nitrogen  derivable 
fro::!  the  acid  itself. 

Schiff  1  has  described  a  compound, POKHOH,  made  by  treating  phosphor- 
ous pentoxide  with  ammonia, ana  this  also  on  decomposit ior  yields 
phosphoric  acid  and  ammonia.  Save  for  the  fact  that  his  compound   is 
soluole  in  water  the  description  of  it  corresponds  quite  exactly 
with  the  one  here  analyzed. 

It  is  certain  that  the  compound  formed  by  the  interaction  of  sodam- 
iae  and  phosphorus  pentachloride, whether  it  be  an  amide  or  a  nitride 
ox  phosphorus  ,  is  assuredly  not  the  compound  analyzed  after  the 
action  of  nitric  acid.  The  acid  undoubtedly  oxidizes  the  compound 
and  may  also  hydrolyze  it.  At  present  ,owing  to  the  impossibility 
of  separating  tne  original  compound  formed  from  the  soluble  impur- 
ities present, and, owing  to  other  difficulties  in  the  preparation, 
purification,  and  analysis  of  the  product  which  have  not  been  fully 
detailed,  it  is  largely  a  matter  of  theory  as  to  the  nature  of  the 
most  interesting  and  energetic  reaction  which  sodamide  and  phosphorous 
pentachloride  present. 

In  addition  to  what  has  been  given  it  may  be  well  to  describe  at 
least  ore  attempt  at  analysis  whcih  promised  well  at  the  beginning. 
Without  attempting  to  remove  the  soluble  portions  a  weighed  portioi 
of  tne  freshly  formed  powder  was  heated  with  acid  in  a  closed  tube 

Cl*vn.  Ck*rv.  ?Uvn.  lJuJU*     103,  ICt. 
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to  180°  with  the  intentioi  of  determining  the  total  phosphorus, nitrogen 

sodium  etc.  It  was  then  thought  that  the  proportion  of  the  above 
elements  present  in  Ihe  soluble  portion  could  be  seperately  determined 
ana  thus  the  composition  of  the  insoluble  residue  arrived  at  by  diff- 
erence, but  experiments  showed  that  in  the  determination  of  the  ammonia 
in  the  soluble  portion  without  removal  of  the  insoluble  ,  the  latter 
was  slowly  attacked  by  the  boiling  sodium  hydroxide. 
If  ,as  is  supposed,  the  act  of  washing  with  nitric  acid  or  with  water 
changes  the  character  of  the  compound  there  remain  no  data  frorr  which 
to  calculate  analysis  results. 

Following  the  enforced  abandonment  of  this  process  came  the  unavail- 
ing search  for  other  methods  of  purification  of  the  material  for  anal- 
ysis. This  part  of  the  work  was  for  the  time  postponed  in  the  interests 
of  the  investigation  described  on  the  following  pases, but  it  seems 
likely  that, presuming  on  the  stability  of  the  compound  when  heated, 

hod  of  fractional  distillation  in  a  current  of  pure  nitrogen, 
may  oe  devised  whicn  will  separate  the  white  powder  into  three  portions. 
1 .-  An  easily  volatile  mixture  of  phosphorous  and  ammonium  chlorides. 
2.-  The  compouna  desired. 
6.-   A  residue  of  sodium  chloride  left  behind. 
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Sodamide  and  Phosphorus. 

Preliminary  experiments.—  , 

_  When  sodamicie  in  fine  powder  and  yellow  phosphorus  in  srrall  pieces 
were  heated  together  under  boiling  benzene (B.Pt. 790)  there  was  no 
action  beyond  a  partial  solution  of  the  phosphorus.  The  experiment  was 
repeated  with  xylene  (B.Pt. 1370)  vith  no  evidence  of  combination 
having  taken  place.  The  same  results  followed  the  use  of  aril ine( B.Pt .  £ 
1830)  although  the  aniline  was  attacked  by  the  reagents  with  the  for- 
mation of  complex  organic  products.  Finally  heavy  lubricating  (paraffin) 
oil  was  employed  (B.Pt.214o  or  more)  with  no  better  results. 
But  when  the  two  substances  were  brought  together  in  a  test  tube  com- 
bination took  place  with  great  energy  on  slight  warming  of  the  tube. 
An  incrustation  of  red  phosphorus  was  formed  on  the  tube  ,the  bottom  of 
which  was  usually  melted  out  in  the  reaction.  Particles  of  an  almost 
jlack  substance  ,  formed  by  the  react  ion, produced,  when  thrown  into  water, 
a  spontaneously  inflammable  gas  and  emitted  a  most  pronounced  disagree- 
able odor.  Red  phosphorus  and  sodamide  heated  together  rather  more 
strongly  produced  a  similar  compound. 
Preparation  of  the  material. 

Attempts  were  then  made  to  prepare  the  compound  in  test  tubes, flasks 
etc.  properly  supplied  with  a  stream  of  pure, dry  nitrogen  by  feeding 
into  the  apparatus  alternately  small  amounts  of  phosphorus  and  of 
sodamide.  However  the  heat  evolved  by  the  reaction  always  shattered 
tae  glass  and  prevented  the  preparation  of  any  considerable  amount. 

Porcelain  vessels  coulu  be  used  without  fear  of  breakage,  and  the 
experiment  whereby  about  12  grams  could  be  prepared  at  once  was  carried 
out  as  follows. 

The  oo t torn  of  a  .viae  mouthed  bottle  of  aoout  three  liters  capacity 
was  covered  with  glass  beads  to  a  sufficient  depth  to  hold  in  place  a 
large  porcelain  crucible  about  30  X  30  millimeters.  The  bottom  of  the 
crucioie  was  kept  from  direct  contact  with  the  bottom  of  the  bottle 
that  the  latter  might  not  be  cracked  by  local  heating. 
Tnrough  the  nee-,  of  the  bottle  was  passed  a  gas  delivery  tube  of  small 
core  reaching  to  tne  bottom  of  the  oottle  and  also  a  wide  glass  tube 
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about  30  «&M  millimeters  in  diameter  which  could  be  raised  at  the 
beginning  of  the  experiment  to  assist  in  driving;  out  the  air, but  lowered 
almost  to  tne  mouth  of  the  crucible  when  the  reagents  are  to  be  dropped 
in.  A  second  gas  delivery  tube  was  passed  into  this  wide  tube  and  con- 
nected by  a, Y. with  the  same  nitrogen  apparatus  described  in  the  reaction 
witn  soaamide  ana  phosphorous  pentachlo  ide.  By  means  of  pfnchcocks 

nitrogen  coula  be  delivered  into  the  bottom  of  the  bottle, into  the 
vicinity  of  the  reacting  substances  ,or  simultaneously  through  both 
tubes  at  will.  The  stream  of  nitrogen  was  not  discontinued  at  the  end 
of  the  experiment  until  the  apparatus  was  quite  cool.  The  reaction 
proceedec  with  far  less  vigor  in  nitrogen  than  in  air.  The  heat  of  a 
/armed  glass  rod  was  sufficient  to  start  the  reaction  which  then 
proceeded  by  its  own  heat  as  long  as  materials  were  added  to  the 
cruciDle.  Precautions  had  to  be  employed  to  prevent  too  great  rise 
in  temperature, for  with  such  rise  much  of  the  phosphorus  was  conver- 
ted into  the  red  modification..  It  has  not  been  found  possible  to  prevent 
entirely  this  formation  of  red  phosphorus, but  under  favorable  circum- 
stances not  much  in  excess  of  \%   of  the  compound  consists  of  this 
element . 

H    the  air  had  been  displaced,,  the  finely  powdered  sodamide  and  the 
phosphorus  in  small  pieces  were  dropped  through  the  long  tube  into  the 
crucible  in  small  successive  portions.  The  phosphorus  was  dried  as 
thoroughly  as  possible  by  absorbent  paper  or, better, by  benzene. 
It  was  found  advisable  to  have  the  phosphorus  in  slight  excess  since 
such  excess  coula  be  removed  by  washing  with  carbon  bisulphide; 
no  solvent  for  excess  of  sodamide  could  be  found  which  did  not  also 
break  down  the  compound  formed  by  the  reaction.  The  attempt  was  ~ade 
to  remove  the  excess  of  sodamide  in  the  first  portion  made,  by  washing 

• osolute  alcoholjfor  it  is  known  that  alcohol  acts  upon  sodamide 
in  tne  sense  of  the  following  equation:- 
C2H50H-f  NaNH2=.C2h50fca+  NH3 

out  it  was  found  that  the  entire  compound  was  decomposed  with  evolut- 
ion of  pnosphine.  In  fact  even  the  treatment  with  carbon  bisulphide 
was  observed  to  set  free  appreciable  amounts  of  ammonia  and  of  pnos- 
phine ana  this  was  taken  as  a  significant  indication  of  the  instability 
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of  certain  components  of  the  reaction. 

If  the  material  was  removed  from  the  atmosphere  of  nitrogen  before 
cooling  it  too-.<  fire  spontaneously,  or  if  it  was  subjected  to  any 
friction  in  the  dry  state  before  removal  of  the  excess  of  phosphorus 
the  same  result  happened.  The  crucible  was  therefore  allowed  to  cool 
completely  and  its  contents  were  then  moistened  with  carbon  bisulphide 
which  had  been  purified  by  redistillation  and  allowed  to  stand  over 
calcium  chloride  to  remove  the  last  traces  of  water. 
While  thus  moistened  the  hard  almost  black  substance  was  broken  loose 
from  the  cruciole, transferred  to  a  mortar  , ground  to  a  powder  under 
carjo:  bisulphide  and  then  transferred  to  a  small  flask.  The  latter 
was  provided  with  a  return  condenser.  In  this  flask  the  material  was 
heated  to  the  boiling  point  of  the  carbon  bisulphide  by  means  of  a  hot 
water  oatn,the  solvent  removed  by  decantation  and  a  fresh  portion 
aaded.  The  powder  was  then  dried  at  the  ordinary  temperature  in  long 
iujQs   through  which  a  current  of  dry  nitrogen  was  conducted, 
when  dry  it  was  transferred  to  glass-stoppered  weighing  bottles  and 
kept  in  a  phosphorous  pentoxide  dessicator. 
Properties. 

As  tnus  prepared  the  material  is  chocolate  red  in  color.  It  is 
exceedingly  sensitive  to  even  traces  of  moisture  and  gives  off  contin- 
ually a  most  disagreeable  odor  suggestive  of  garlic.  Exposed  to  the 
air  for  a  short  time  it  deliquesces  and  becomes  somewhat  lighter  in 
color.  Heated  in  the  air  it  gives  off  quantities  of  ammonia  and  of 
phosphine  and  trie  sodium  salt  of  hypop.iosphorous  (and  probably  also  of 
pnosphorous)  acid  is  left  behind.  Heated  in  a  stream  of  dry  carbon 

dioxide  it  gives  off  the  same  two  gases  and  there  remaiHs  sodium 
"  /iho 

carbonate, hvpo^phite  and  phosohite.  Water, dilute  acids  and  alcohol 

oreak  it  down  in  tne  same  way  but  if  alcohol  is  used  the  phosphine 
is  rot  inflammable.  Hydrogen  is  also  evolved  in  considerabl  s  quantity 
oy  decomposition  in  the  wet  way.  Absolute  ether, chloroform  or  benzene 
are  without  apparent  action  on  the  compound. 
Historical . 

Before  taking  up  the  analysis  of  this  material  it  is  thought  best  to 
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refer  in  a  oriel  manner  to  the  work  which  has  been  done  along  similar 

lines  in  so  far  as  it  may  have  any  bearing  upon  this  work. 

Gay  Lussac  and  Thenard  and  also  Davy  supposed  that  phosphides  of  the 
alkali  metals  coula  be  for  ed  by  heating  the  elements  together  in 
nitrogen. 

Ir  1829,Magnus  *  devised  a  method  for  the  preparation  of  potassium 
phosphide, K3P»  which  was  later  used  by  Yigier  2  in  preparing  the  similar 
sodium  phosphide.  Phosphorus  was  melted  under  petroleum  (B.Pt.1200) 
and  bits  of  potassium  were  added  from  time  to  time.  The  excess  of  oil 
was  distilled  off, the  compound  boiled  with  caroon  bisulphide  and  dried 
at  low  temperature  in  a  current  of  dry  carbon  dioxide.  He  stated  that 
the  compound  separated  carbon  as  well  as  phosphine  when  treated  with 
water  or  dilute  acids,  and  that  although  he  rectified  the  petroleum 
several  times  and  took  great  precautions  to  employ  carbon-free  potassiun 
and  phosphorus  he  was  not  able  to  get  the  phosphide  in  a  state  of 
purity.  Vigier's  sodium  phosphide  was  described  as  a  black  compounds 
In  the  course  of  this  work  his  experiments  were  repeated  resulting 
ina  verification  of  his  method  and  description  and, in  addition,  a 
partial  analysis  was  made  which  will  be  referred  to  in  its  oroper  place, 
vigier  usee  his  phosphide  in  an  organic  research  and  he  made  no  attempt 
to  purify  or  to  analyze  it. 

Magnus  gives  nothing  out  the  formula  for  his  potassium  phosphide, 
making  no  statement  as  to  any  analyses  upon  which  he  based  his  con- 
clusions . 

Rose  °  caused  potassium  and  phosphorus  to  combine  in  a  flask  in  the 
presencejbf  hydrogen.  At  the  end  of  the  experiment  the  excess  of  phos- 
phorus was  distilled  off.  He  obtained  a  crystalline  mass  of  the  color 
oi  "apanned  copper". 

Bunsen^showed  that  sodium  phosphide  was  formed  by  heating  sodium  and 

l.i-o,  ,. Ann.  17,  527. 
2.Chem.News  1861,  273. 
o.Fovg.Ann.  12,  547. 
4.  Ann.Chem.Pharm.Liebig  138,  292. 
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sodium  phosphate  together  in  a  tube  ar.d  he  recommended  this  as  a 

qualitative  test  for  the  presence  of  phosphorus. 

The  phosphides  of  calcium, tin, zinc, copper, magnesium, iror  , and/aluminum 
hav.e  been  made  1  and  their  composition  and  properties  established. 
The  phosphides  of  the  heavy  metals  ,as  would  be  supposed,  are  much  more 
stable  tnan  tnose  of  tae  alkalies. 

3odammonium,NaNH3,and  potassium, KNH3,have  in  the  hands  of  Hugot 
and  Joannis  , working  independently, been  of  considerable  imoortance. 
These  two  reagents  are  made  by  the  action  of  liquid  ammonia  on  sodium 
or  on  potassium.  They  decompose  slowly  at  ordinary  temperatures   and 
a  iittle  more  rapidly  in  the  light  than  in  the  dark, forming  sodamide  or 
potassamide  ana  hydrogen.  Sodammonium  in  excess, red  phosphorus  and 
sodiun  left  in  contact  for  several  days  formed  PgHgNas,  (Na.3P.PH3) , 
sodamide  and  ammonia.  The  phosphide  is  described  as  a  yellow  crystal- 
line oody  yielding  phosphine  in  the  presence  of  moisture  3. The  authers 
claim  that  if  tne  red  phosphorus  is  in  excess  P5X.3NH$is  formed  which 
loses  its  ammonia  at  180°.  It  is  always  more  or  less  contaminated 
with  potassamiae.  With  sodium  Pgla.oiHs  is  formed  which  becomes 
po  ^a  at  I8O0  4.   If  no  sodium  or  potassium  is  used  or  if  phosphine 
oe  led  into  socammonium  or  potassammonium  the  substituted  phosphines 
NaPHg  ana  r.PHg  are  formed  5. 

The  chemistry  of  the  phosphides  of  hydrogen  is  also  closely  inter- 
woven with  this  work  because  the  phosphine  produced  in  the  decompos- 
ition of  the  compound  by  water  was  relied  upon  as  a  measure  of  the 
amount  of  sodium  pnosphide  in  it. 

It  was  Thenard  6  and, later,  gattermanj  who  first  separated  and 

l.C'entralblatt  1890,2,542. 
Bull.  Soc.  Chim.  (3), 27, 568. 

2.  Compt.   Rend.      112,392. 

3.  loid  126,1719;&    127,553. 

4.  Ibid  121,    206. 

5.  loid  119,557. 

6. Ann.  Ghem .  Fharm.  Liebig  55,  27. 
7.  Ber.d.Chem.  Ges.  23,  1174. 
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determined  the  constitution  and  properties  of  gaseous,! iquid  and  solid 
phosphines.  The  forj.er  also  noteci  the  presence  of  hydrogen  as  a  free 
constituent  in  tne  ordinar        ine. 

Hoffman  *  snowed  that  in  all  the  common  methods  of  producing  ohosphine 
tne  gas  was  diluted  with  from  6%   to  80%  of  hydrogen(volumetric) . 
When  phosphine  was  made  in  the  ordinary  way  by  heating  an  aqueous 
solution  of  potassium  hydroxide  with  yellow  phosphorus  only  from 
10/:  tfl  40%  of  the  gas  obtained  was  phosphine.  Alcoholic  potash  ?aT  e 
aoout  45%  phosphine  under  similar  circumstances. 

If  calcium  phosphide  ..as  used  the  yield  of  phosphine  was  better  butA    ^ 
rfa.s  far  from  pure.  The  amount  of  hydrogen  was  very  changeable  and  was 
not  accounted  for.  Ever  the  decomposition  by  heat  of  pure  phosphoric 

acid  yielded  a  phosphine  which  contained  at  least  6%  of  hydrogen. 
The  decomposition  of  pure  phosphonium  iodide, PH4J  is  the  only  method  of 
obtaining  pure  phosphine.  He  also  pointed  out  that  fuming  nitric  acid 
as  well  us  the  vapor  of  chlorine  and  of  bromine  render  non-inflammable 
phosphine  self- inflammable. 

Bodroux   pointed  out  that  temperature  has  something  to  do  with  the 
amount  of  hydrogen  produced;  in  the  case  ,at  least  of  the  decomposition 
of  certain  phosphides.  When  aluminum  or  magnesium  phosphide  are  decom- 
posed with  water  they  yield  phosphine  slowly.  If  the  water  be  above 
50°  or  if  acids  are  used  much  hydrogen  is  developed;  if  ice-water  is 
used  no  hydrogen  is  formed. 
Analysis. 

The  methods  of  analysis  employed  were  volumetric  gas  determinations 
with  the  apparatus  described  for  the  examination  of  sodarnide,  and 
special  quantitative  determinations   in  the  gravimetric  way. 
Volumetric: - 

A  freshly  prepared  solution  of  cuprous  chloride  in  concentrated 
hydrochloric  acid  was  placed  into  a  Bunsen  gas  pipette  and  made  use  of 
to  absorb  the  phosphine.  The  hydrogen  was  determined  by  explosion  in 

1.  oer.d.Chem.    Ges.        4,200. 

2.  Bull.Soc   Chim.    (3), 27, 568. 
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a  eudiometer  over  mercury   with  electrolytic  oxygen.  The  ammonia  was 
not  measured  volumetrically  but  «vas  absorbed  along  with  the  carbon 
dioxide  with  which  the  apparatus  was  filled  at  the  beginning  of  the 

riment  by  a  moderately  strong  solution  of  caustic  soda  ir  a  Hempel V 
burette. The  process  of  analysis  was  as  follows:- 

After  the  apparatus (seeFig's.  2&   3)  had  been  filled  as  previously  de- 
scribed with  dry  carbon  dioxide  , the  material  was  weighed  in  and  carbon 
dioxide  was  again  conducted  through  until  the  air  was  entirely  displac- 
ed. The  Hempel  burette  capillary, completely  filled  with  liquid  ,was 
attached.  Diminished  pressure  was  produced  by  lowering  the  commun- 
icating arm  of  the  burette  and,byj|cautious  control  of  the  stopcock  of 
trie  funnel,  water  was  slowly  admitted  dropwise, allowing  a  considerable 
interval  between  drops  for  the  absorption  of  the  carbon  dioxide  and 

)nia  ana  for  partial  cooling,  of  the  generator. 
Tne  decomposition  was  very  violent  but  in  the  atmosohere  of  carbon 
dioxide  tne  phosphine  did  not  inflame.  In  about  ten  minutes  after  the 
tiing  of  the  experiment  the  reaction  was  complete  and  water  could 
oe  admitted  rapidly  to  drive  over  all  of  the  gases  into  the  burette. 
Tne  solution  remaining  in  the  generator  was  strongly  alkaline, responded 
to  the  tests  for  hypophosphorous  acid  and  contained  a  small  residue 
of  red  phosphorus.  Tne  burette  was  then  disconnected  and  well  shaken 
to  complete  the  absorption  of  carbon  aioxide  and  ammonia  and  after  the 
lapse  of  ten  minutes  the  volume  of  the  ,2;as  was  noted.  The  burette  was 
then  connected  with  the  Bunsen  pijiette  containing  the  acid  cuprous 
chloride  ana  the  gas  forced  over  into  it.  Phosphine  forms  colorless 
needles  of  cuproso-diphosphonium  dichloride,6u2©l2»2PH3 
After  shaking  five  minutes  the  .  remaining  gas  was  returned  to  the 
ourette  and  read  as  before  after  ten  minutes.  The  difference  was  cal- 
culated as  per  cent  of  phosphine  to  total , non-absorbed  gas. 
Measured  portions  of  the  remaining  gas  were  then  passed  into  the 
eudiometer, exploded  with  oxygen,  and  the  amount  and  purity  of  the 

"~T~ComptrRind7Tldr240&~5: 
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hydrogen  determined  by  the  ordinary  eudiometric  '.methods. 

Owing  to  the  continuous  decomposition  which  the  material  undergoes, 
it  was  not  deemed  wise  to  make  large  quantities  of  it  at  one  time, 
nor  was  it  possible  with  the  apparatus  employed.  The  analyses  developed 
the  fact  , which  was  to  oe  expected,  that  the  composition  of  the  three 
portions  of  material  made  at  different  times  was  not  identical,  as 
well  as  the  fact  that  analyses  made  after  considerable  intervals  showed 
that  the  material  underwent  constant  slow  deterioration.  In  other 
words  it  was  a  changeable  mixture  whose  nature  prevented  the  possibility 
of  isolation  of  the  desirable  components  in  pure  condition. 
Analyses  (volumetric)  of  the  three  portions  made  are  here  given  in 
tabular  form.  Regarding  the  general  method  of  preparation  it  can  be 
said  that  tne  first  portion  was  known  to  contain  some  excess  of  un- 
changed sodamide.  The  sodamide  used  in  its  preparation  was  that  called 
"sodamide  I"  of  which  the  analyses  already  given  show  that  it  yielded 
considerable  nitrogen  ana  hydrogen  on  decomposition  with  water. 
The  remaining  portions  were  made  with  sodamide' I II  ., (which  yielded 
very  little  gas  by  treatment  with  water)  and  with  phosphorus  in  large 
excess. Precautions  were  taken  to  insure  the  complete  combination  of 
the  two  reagents.  In  the  preparation  of  portions  II. &   III  slight  changes 
only  were  made  in  details  of  temperature,  methods  of  bringing  the 
reagents  together,  washing  etc. 

Where  blanks  occur  no  determination  was.  made, but  sufficient  explosions 
of  the  gas  aerived  from  portions  two  and  three  were  made  to  show 
positivly  that  no  body  yielding  free  nitrogen  was  present  either  in  the 
freshly  made  material  or  formed  in  it  on  standing.  The  nitrogen  in 
portion  I. is  due  solely  to  the  excess  of  sodamide  as  pointed  out. 
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Table  of  volumetric  gas  analyses  of  the  product  of  the  phosphorus 
sodamide  reaction. 


Portioi     I. 

Excess  of   sodamide    I. 

Wt    in  gms. 

Total    gases    in  C.C. 
not   absorbed  by   NaOH 

%   PH3 

%  H   \%  N\l 

Remarks. 

0  .8664 

23 .73 

57.01 

45.77 

7.22 

0.7071 

21.05 

52.49 

38.36 

9.15 

0.8243 

22.45 

52.33 



0 .6864 

19.49 

49.71 

44.69 

5.60 

O.o590 

11.25 

47.71 





0.9612 

31.15 

47.35 

49.85 

6.80 

1.1212 

34.45 

47.17 

46.74 

6.09 

0 .4446 

15.05 

46.84 

-.-- 

0.7050 

24.40 

46.72 

__.__ 



1.1614 

35.95 

46.87 

46.04 

7.09 

0.6109 

19.55 

46  .80 

44.44 

8.76 

1.9616 

65.45 

45.76 





0.7667 

26.15 

45  .0  1 



-.-- 

Portion    II. 

Sodamide    III.   Phosphorus    in 

excess 

.Simultaneous  addition  of 

0 .9043 
0 .8095 

69.05 
67  .96 

26.16  171.84 
24.65    75.35 

0.00 

reagents.   Temp,   kept 
low  by    ice. 

0.7800 

62.35 

24.15 

75.87 

0,00 

0.6754 

59.95 

19.93 

80.07 

0.00 

0 .8748 

79.25 

19.74 

80.26 

— 

0 .6752 

61.60 

18.99 

81.01 

-.— 

Portion    III 

.   Sodamide    I  1 1 .Phosph 

arus    in  excess.   Su 

ccessive  addition 
eagents.No   ice. 

of 

0.4125 

57. 

16.14    85.86 

_._5 

0.4190 

53.80 

15.04    84.95 

0.00 

0  .6069 

57.85 

14  «95     85.05 

0.00 

0  .4765 

67.50 

14.85    85.i5 

— 
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These 'analyses  ,raade  during  the  course  of  several  weeks,  were  purposely 

varied  in  minor  details  in  order  to  determine  whether  any  appreciable 

;e  in  the  amount  and  nature  of  the  gases  occurred. 
Thus  at  times  dilute  acids  were  used  in  place  of  water  to  decompose  the 
material; the  determination  of  hydrogen  was  made  both  by  explosion  over 
water  at  nearly  normal  pressure  ana  over  mercury  at  diminished  pressure 
etc.  It  could  not  oe  shown  that  these  or  other  details  affected  the 
analysis  figures.  The  observation  of  Hoffman  *  that  the  ratio  of  phos- 
phine  to  hydrogen  is  very  variable  was  confirmed, but  it  seems  to  be 
largely  due  to  the  fact  that  the  phosphide  is  not  homogeneous  and 
even  if  it  could  oe   rendered  so  by  trituration,  its  instability  ir.  air 
would  soon  destrov  any  homogeneity. 

Although  Bodroux  1  had  shown  temperature  to  be  a  controlling  factor 
in  tne  amount  of  hydrogen  obtained  in  the  case  of  aluminum  and  magnesiun 
phosphides,  it  was  found  in  similar  experiments  with  the  sodium  phos- 
phide made  after  the  method  of  Vigier  that  only  a  slight  change  could 
oe  delected. 

0.2987  grams  decomposed  by  water  at  200yielded  39*01%  PHg(volum.) 
0.S467   "       "      "    "    "  00  .generator  in  a  bath  of  ice 

water  yielded  40.48%  phosphine. 
The  hydrogen  is, of  course,  the  difference  between  these  figures  and 
100%  and  it  will  be  remembered  that  Bodroux  obtained  no  hydrogen  with 
the  use  of  ice  water. 

The  difference  in  amount  of  phosphine  obtained  from  the  first  portion 
as  compared  with  the  ot;:er  two  is  striking  and, at  the  same  time,  it 
.  oe  noted  that  the  proportion  of  gases  not  absorbable  in  sodium 
hydroxide  is  more  than  twice  as  great  in  the  last  two  portions  as  in 
tne  first. 

A  onia  couIg  not  be  determined  in  the  decomposition  of  the  material 
by  dilute  acids  or  water.  Attempts  were  made  to  thus  determine  it  by 
causing  the  generated  gases  to  bubble  through  sulphuric  acid  of  six- 
normal  strength  contained  in  a.Peiigot's  tube. 
1.  Loc.  Cit. 
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The  rush  of  gas  was, however,  so  rapid  at  first  , even  with  the  greatest 
care  to  add  water  slowly,  tnat  ammonia  to  an  appreciable  extent  was 
carried  through  into  the  Hemple's  burette.  A  weighed  portion  of  the 
material  was  then  placed  in  a  small  weighing  bottle  and  lowered  into 
a  pressure  oottle  containing  some  six-normal  hydrochloric  acid. 
The  top  was  immediately  adjusted  and  the  apparatus  was  set  away  24 
hours  for  the  vapor  of  the  acid  to  slowly  attack  the  material.  At  the 
end  of  tnat  time  acid  and  substance  could  be  brought  into  intimate 
contact  bj  tilting  the  bottle  without  development  of  dangerous  pressures* 
The  ammonia  salt  and  excess  of  acid  were  then  washed  into  a  flask,  arid 
the  ammonia  was  determined  by  the  aid  of  a  standard  acid  in  the  usual  *& 
way.  0.2418  grams  of  material  gave  22.49$  ammonia. 

In  a  second  experiment  the  following  apparatus  was  employed.  A  small 
flask  containing  concentrated  hydrochloric  acid  was  connected  with  a 
gas  washing  oottle  filled  with  the  same  acid.  The  exit  from  this 
oottle  led  into  three  U-tubes,  the  first  contained  the  weighed  sub- 
stance, the  other  two  contained  dilute  sulphuric  acid.  The  apparatus 
was  connected  by  an  empty  flask  to  the  suction  pump.  By  gentle  heating 
of  tne  first  flask  under  diminished  pressure,  gaseous  hydrochloric 
acid  could  oe  driven  through  the  apparatus  over  the  compound  and  all 
its  ammonia  in  the  course  of  1  1/2  hours  continuance  of  the  experiment 
was  fixed  as  chloride  or  sulphate  of  ammonia.  Dilute  acid  was  finally 

at  into  contact  with  the  material  and  the  contents  of  the  three 
tubes  were  distilled  from  excessof  alkali  into  standard  acid  as  above. 
0.4434  grams  of  material  gave  22.80*-  ammonia. 

thoc  has  the  advantage  of  rapidity  but  is  more  complicated. 
Grai  imetric  determinations. 

Sodium  was  determined  gravimetricallv  as  sulphate.  The  phosphorus 
was  removed  o.y  oxidation  with  nitric  acid,  precipitation  by  lead 
acetate  and  lead  carbonat^and  , after  filtration  from  the  phosphates, 
excess  of  lead  was  removed  by  hydrogen  sulphide. 

0.4627  grams  of  material  gave  0.5313  rams  of  Na2804» equal  to  44.22%  Na. 
0.1559   "    "    "       "   0.2098   "    "    "     "    "   43.63%  Na. 
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Determination  01  phosphorus. 

In  the  determination  of         is  the  pressure  bottle  method  was 
oyed.  At  first  the  atten.pt  was  made, after  introducing  the  small 
tube  containing  the  material  into  the  bottle  in  which  was  some  dilute 
nitric  acid, to  cring  the  substances  immediately  into  contact. 
For  this  purpose  a  long  pair  of  tongs  was  used  to  grasp  and  tilt  the 
bottle.  But  such  sudden  pressure  was  developed  that  the  bottle  was 
broken  into  snail  i  ieces  by  the  force  of  the  explosion. 
In  subsequent  experiments  the  small  tube  of  material  was  allowed  to 
stand  in  an  upright  position  within  the  bottle  for  a  long  time. 
Fuming  nitric  acid  was  placed  in  the  bottle  because  it  was  certain 
that  its  vapors  would  more  surely  oxidize  volatile  phosphorus  com- 
pounds and  complete  tne  oxidation  to  phosphoric  acid  of  lower  o:  - 
>ounds  of  phosphorus.  The  action  within  the  pressure  bottle  was 
usuaiiy  violent.  In  from  one  to  two  hours  after  closing  the  bottle  an 
explosion  with  flame  usually  occurred  within  ,of  sufficient  force 
to  shatter  the  weighing  glass  which  contained  the  substance. 
But, owing  to  the  fact  that  small  weights  of  material  were  used, "that 
the  pressure  bottle  had  a  capacity  of  500  cubic  cent imeters, and  that 
in  the  first  one  or  two  hours  much  of  the  ammonia  had  been  "fixed" 
, the  bottle  withstood  the  force  of  the  shock. 

After  the  lapse  of  several  hours  the  oressure  bottle  was  gently 
neated  in  a  water-bath  without  removal  of  the  stopper;  this  was  done  to 
make  sure  of  the  oxidation  of  any  phos  nine  among  the  gases. 
The  bottle  was  then  opened  and  its  contents  were  evaporated  or  the 
water-oath  almost  to  dryness.  The  phosphorus  was  determined  as  mag- 
nesium pyrophosphate.  The  determination  was  verified  by  first  precip- 
itating a  second  portion  to  be  analyzed  with  ammonium  molybdate  and  thai 
with  magnesia  mixture. 
In  a  third  determination  ,  to  show  I       rewas  no  conversior  of  the 

•hates  into  meta-phosphates, the  solution  was  boiled  with  a  large 
excess  of  water  for  tnirtv  hours, the  water  lost  eing 

restored  fro-  time  to  time.  The  results  in  all  t  reed 

well  witnin  the  limits  of  experimental  error. 
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0.2496  grams  of  material  gave  0.1*76  grams  magnes.  pyrophos.  or  16.462P 
0.1657   "     "    "      "   0.0968   "      "  16.45%P 

0.1750   "     "    "      "   0.1064   "  16.91BP 

Reactions  and  Composition. 

-  I:,  alluding  to  the  products  of  the  reaction  between  sodamide  and  phos- 
pnorus  the  term  "material"  has  oeen  deliberately  used.  The  reasons  for 
this, some  of  which  have  been  given,  may  be  summarized  thus:- 
1 .-  It  has  been  shown  by  analytical  results  that  successive  preparations 
do  not  possess  the  same  composition. 
2.-  The  products  of  its  decomposition  by  water  or  acids  are  numerous. 

Phosphine, hydrogen, ammonia, sodium  hypo phosphite, sodium  hydroxide, 
and  red  phosphorus  have  been  pro. en  present  in  the  decomposition  residie 
ana  there  is  much  reason  to  believe  that  salts  of  phosphorous  and 

I  jsphcric  acids  are  also  formed.  There  is  no  one  salt  of  definite 
position  which  can  be  conceived  to  be  formed  by  these  two  reagents, 
viz.  sodamide  and  yellow  phosphorus,  capable  of  yielding  all  these 
products  simultaneously  in  the  proportions  found, 
o.-  It  has  been  shown  that  the  instability  of  the  compound  in  the 
presence  of  air  ,heat,  ana  the  common  solvents  is  very  great,  while, 
on  the  other  hand,  the  common  organic  solvents, alcohol  excepted,  are  if 

ithout  action  upon  any  of  its  constituents.  Owing  to  these  facts 
the  attempt  to  purify  the  compound  or  to  isolate  any  of  its  constit- 
uents has  met  with  no  success. 

4.-  Sodamide  may  break  down  in  the  presence  of  substances  capable  of 
uniting  with  it  in  either  one  of  two  ways.  Thus, as  in  the  union  with 
water  ,the  point  of  rupture  in  the  sodamide  is  between  the  sodium  and 
the  ami do  group.  On  the  other  hand, as  Titherly  *  has  shown,  when  sod- 
amide  reacts  with  many  organic  compounds  especially  the  organic  amides 
one  of  the  amido  hydrogen  atoms  in  sodamide  is  substituted  by  the  organ- 
ic residue. 

5.-  The  behavior  of  phosphorus  is  even  more  anomalous.  The  lofcg  list 
of  phosphorous  compounds  prepared  by  chemists  from  the  time  of 
1.  J .Chem.Soc. London  71,460. 


44 

Magnus  and  Rose  to  the  present  show  clearly  that  the  diitributio 

the  valencies  of  phosphorus  towards  groups  Lch  it  is  capable  of 

•  uniting  lead  to  no  certain  generalizations. 

To  a  certain  extent  out  in  a  less  c  orus  resembles  carbon 

in  the  ability  to  form  complex  chains. 

Lgier's  compound  has  had  ascribed  to  it  the  formula, NasP, but  it  cer- 

.iiiy  contains  an  apprec  iable  amount  of  Na4?2  for  its  phosphine   ts 
It 

very  inflammable.  In  short  Ais  a  question  whether  any  such  simple 

formula  as  has  been  given  can  stand  for  the  composition  of  sodium 
phosphide  and  similar  compounds. 

In  view  of  all  these  facts  the  reaction  between  phosphorus  and  sod- 
amide  in  the  presence  of  an  inert  gas  may  be  supposed  to  take  place 
in  any  of  the  following  ways:- 
i.  A  Lde  to  creak  down  into  sodium  and  amido^en, 

a . )  2P  +  6N  a  N  H2  -  2N  agP  -f  4NH3  +  Ng . 

0.)  2P4-3NaNH2=K    + 
2.  Assuming  it  to  substitute  phosphorus  for  hydrogen  in  the  amide  group, 

c.)  P43NaNH2  =(NaNH)3P+SH  .' 

d.)  2P+      -     .  2  +  oH. 
Two  methods  were  employed  in  the  attempt  to  determine  which  of  these 
reactions  occur. 

1.  Analysis  of  the  products  of  decompositio  . 

2.  To  conduct  the  synthesis  of  the  compound  in  such  a  manner  that  the 
evolved  gases  may  be  collected  and  their  nature  and  amount  determined. 
The  solution  of  the  problem  along  these  lines  would  be  comparati 

easy  if  the  material  were  not  so  complex  in  composition  and  so  unstable. 

I   the  prosecutio;  of  the  first  method  it  was  ascertained  that  the 

y.0o*e4  e,fttsi  oi-  /7hos/tovu.s  <^«i 

erial  contains  sodium  hypophosphite^through  the  action  ofAsodium 
hydroxide, always  found  in  sodamide  in  amounts  varying  from  one  to  ten 
per  cent,  'ip^n  +  ne  ^^"  n  f  p^T'""**"*- -  This  is  to  be  distinguished 
from  the  sodium  hypophosphite  formed  by  the  decomposition  of  the  mater- 
ial with  water.  The  reaction  for  the  former  is:- 
6NaOHf4P  =  3NaH2P02+Na   . 
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In  addition  to  the  constant  presenceof  small  amounts  of  red  phosphorus 
already  alluded  to  ,  the  inability  to  exclude  air  and  moisture  complete- 
ly also  insures  the  presence  of  traces  of  other  oxygen  compounds  of 
phosphorus. 

Jhe  analysis  to  determine  the  products  of  decomposition  was  carried  on 
in  three  ways. 

1.  Volumetrically  as  already  described, whereby  the  proportion  of  phos- 
phMe  and  of  hydrogen  was  determined. 

2.  Qualitatively  to  show  the  presence  of  sodium  hydroxide  and  of  the 
salts  of  the  acids  of  phosphorus. 

As  is  well  known  ,  the  recognition  of  hypophosphorous, chosphorous, and 

all  three  are  present  in  the  same  solution   is  a 
difficult  matter.  The  presei        ophosphorous  acid  could  be  .assumed 
in  view  of  the  reaction  between  sodium  hydroxide  and  phos        iven 
above.  The  fresh  soiutior  also  reduces  potassium  permanganate  immed- 
iately as  do  hypophosphites.  The  decomposition  of  sodium  phosphid-e  by 
water  also  yields  soaium  hypophosphite  as  was  proven  by  decomposing  the 

phosphide  after  vigier's  method. 
But  that  phosphorous  or  phosphoric  acids  or  both  are  also  present  is 
shown  by  the  fact  that  after  neutralization  of  the  sodium  hydroxide 
by  acetic  acid, the  addition  of  lead  acetate  soiutior  gives  a  white 
precipitate,  whereas  lead  hypophosphite  is  soluble  in  acetic  acid. 
And  whei  ammonium  ..  oiybdate  is  added  to  the  solution  obtained  by  decom- 
posing  tne  material  with  water,  a  clue  coloration  was  observed  which  on 
standing  or  or  gentle  warming  became  colorless,  and  with  the  addition 
of  a  few  drops  of  nitric  acid  well  diluted  and  gentle  heat  the  usual 
>nium  phosphomolybdate  precipitate  was  obtained. 

the  energetic  reducing  properties  of  hypophosphorous  acid  , 
it  was  at  first  thought  that  tne  blue  color  was  due  to  reduction  of  the 
.  ioxide  to  dioxide  by    the  hypophosphorous  acid,  and  that 
_  therefore  advantageously  be  used  as  a  qualitative  test  for 
tne  presence  of  hypophosphorous  acid.  Eut  when  the  pure  acid  was  prepar- 
ed free  from  traces  of  phosphine  no  such  reduction  occurred. 
When  it  is  recalled  that  phosphine  is  even  more  energetic  as  a  reducer 
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tnan  hypophosphorous  acid, and  that  phosphine  is  to  some  extent  soluble 
in  water  ana  more  so. in  a  strong  solution  of  sodium  hydroxide, the 
reduction  of  tne  molybdenum  trioxide  must  be  ascribed  to  the  oresence 

ihosphine.  In  confirmation  of  this  observation  it  is  known  that  phos- 
phorous aciu  reduced  with  nascent  hydrogen  yields  phosphine  and  hypo- 

iphorous  acid  and  when  ammonium  molybdate  solution  is  added  to  this 
reduction  product  o        orous  acid  the  blue  coloration  is  observed. 
5.  Quant  itat  ivelyjwto  determine  how  much  of  the  phosp        the 

.  to  the  format  ioi  01  phosphine,, and  how  much  to  the  formation 
of  tne  oxygen  compounds  of  phosphorus  wher  water  was  employed  to  decom- 
pose it. 

Tne  material  was  decomposed  by  alcohol        it  ignitionof  phosphine, 
the  oxidation  products  of  wl       Id  be  dissolved  i;       [Uid  and 
leaa  to  abnormally  high  results.   Le  solution  was  boiled  to  expel  the 
phosphine,  oxidized  with  nitric  acid,  and  the  phosphoric  acid  precip- 
itatec      magnesia  mixture. 

0.1418  grams  of  material  gave  0.042  grams  of  magnes.  Pyrophos.  or  8.24%j? 
AS  the  total  phosphorus  obtained  from  the  material  averaged  16.61%  , 
it  is  seen  that  the  result  of  this  experiment  indicates  that  half  of 

hosphorus  of  tne  c<  losphine  and  the  other 

half  remains  in  solution  as  a  salt  of  one  or  more  of  the  acids  of  phos- 

rus . 

The  synthesis  of  the  c  carried  on  by  the  aid  of  the  s 

tus  described  under  Fig. 2.  In  the  bottom  of  the  generator, A, was 
placed  a  ;  sheet  aluminum  to  preven        paratus  fi 

breaking  in  the  sudden  heat        he  reaction  generates. 
After  filling  the  apparatus  with  dry  carbon  dioxide,  about  0.4  p-ram  of 
)enzene  and  approximately  0.7  gram  of  powdered 

amide  wei        i  into  the  cup  and  carbon  dioxide  was  again  passed 
through  for  some  time.  No  place  in  the  presence  of 

s  at  ordinary  temperatures.  The  Hempel's  burette  filled 
with  sou.        ,  ide  was  attached  after  introducing  into  it  a  measured 
small  portion  of  oxygen  to  act  as  a  gas  cushion.  On  gentle  heat': 


47 

under  diminished  pressure  a  quantity  c.  hich 

was  absorbable.  After;  the  generator  had  cooled  to  the  normal  temper- 
ature,ory  benzene. |which  does  not  decompose  the  material)  was  admitted 
tnrough  the  funnel  and  all  the  gas  driven  into  the  burette. 

as  read.  Deducting  for  the  oxygen 
there  was  a  remainder  of  7.58  cubic  centimeters.  ]      s  was  trans- 
red  to  a  eudiometer, exploded  over  mercury  with  a  known  excess  of 

sn,  the  oxygen  remaining  absorbed  by  potassium  pyrogallate  solution 

the  remainder  calculated  as  nitrogen. 

results, which  of  course  are  merely  approximate,  show  that  both 
nitrogen  and  hydrogen  are  liberated  in  the  react  ion, the  latter  gas 
being  in  slight  excess.  Since  ammonia  is  also  liberated  the  two  equations 

it  accord  with  these  conditions  are  a)  andc)  p.  44. 
Socia:.  ide  V  was  used  in  this  experiment  and  its  previous  decomposition 
by  water  had  shown  that  only  about  1.4  cubic  centimeters  of  mases  are 
to  oe  obtained  from  the  decomposition  of  0.7  gram. There  was  therefore 
an  undoubted  evolution  of  gas  in  the  formation  of  the  compound, but 
since  Titherly  has  she  mia  is  dissociated  ir  the  presence 

Oi  heated  sedan; ide  at  matures  than  ordinari;        ary, 

little  -se  can  be  made  of  this  determination  in  pointing  out  the 
reaction  which  occurs  between  sodamide  and  phosphorus. 
Thermometric  measurements  of  the  temperature  at  which  combination  takes 
place  between  tnese  two  reagents  are  of  little  value. 
The  reaction  began  at  150°  ana  in  a  few  seconds  rose  to  nearly  250° 

The  invariable  presence  of  hydrogen  am        ^ases  for         the 
rial  is  decomposed  by  water  ,  and  also  in  the  formation  of  phosphine 
ihods  calls  for  some  consideration  .  In  regard  to  the  foi 
ion  of  this  gas  no  information  could  be  obtained  from  the  published 
won;  of  those        investigated  so  thoroughly  the  compounds  of 

phorus  an        en. 
For  the  formation  of  phosphine        usual  way  fro 
potassium  or  sodium  hydroxide  heated  together, the  following  equation 
is  usually  writt 
4P  +  5K0H+oHc.  =PH3  + 
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Without  doubt  the  reaction  is  far  lore  complicated  andfor  the  sake  of 
clearness  ma;,  be  assumed  to  take  place  in  the  followj       es:- 
a.)  4P^6K0H=2K3P-*-2P(0HT)5 

b.)  2:i3p+7H20~FH3  4KH2P02  +  &:';0H-*-4H 
o.   .  ith  excess  oi'  alkali  as  is  always  the  case, 
2P(9H)3f4    =   2HP03-MH20- 

whence  by  combination  of  these  three  and  reduction  to  simplest  terms 

there  remains  the  completed  equation:- 

ci . )  4P  +  5  vOH  +-SH20  =  PH3  +  SK2PO2  +  2K2HP05  +-4H  - 

That  d.)  more  nearly  represents  the  actual  reaction  is  evidenced  by  the 

fact  that  both  of  these  acids  of  phosphorus  can  be  shown  to  be  present 

in  the  solution, from  which  the  phosphine  has  been  distilled,  by  the 

application  of  the  lead  acetate  test  already  described.  It  is  not 

claimed  that  the  equation  represents  the  actual  proportion  of  the  product^ 

it  shows  merely  -what  has  not  been  show?ih£fim<iirogen  and  at  least  two  of 

the  acias  of  phosphorus  are  formed  when  phosphine  is  generated  in  the 

usual 

similar  way  we  might  expect  a  compound  of  the  formula  Na3P  to 
unit        -ter  thus:- 

Na3P-f  3H20  -FH3  +5NaOH, 
but  in  this  case  also  analysis  reveals  more  complex  changes, probably 
represented  by:- 

4NagP  +  14H20  =2PH3  +  NaH2P02  -f-NagHPOs  +-9NaOH  +  10H  , 

ana  to  account  for  the  inflammable  phosphine  traces  of  the  sodium  salt 
ich  are  undoubtedly  present :- 
2Na4P2+10H20=P£   4       4   >HP03+5NaOH4-8H. 

Reference  should  be  made  here  to  the  occurrence  of  ammonia-nitrogen 
Serial .  Analysis  yields  22.64%  NH3  equivalent  to  21.3%  ?TK2  • 
That  this  is  not  present  as  unchanged  sodamide  is  definitely  known  from, 
1.  Fhe  appearance  of  the  product  of  the  reaction  before  pulverizing  it, 
its  uniform  dark  brown  color  serves  to  distinguish  it  from  inter- 
red sodamide.  In  no  case  , except  ir:  portion  1,  was  free  sodamide 
ible . 


2.  This  amount  of  NH2  would  demand  over  51%  of  the  compound  to  be 
sodamide  of  which  30.58).  .vould  be  sodium.  The  absence  of  free  nit- 
from  the  gases  obtained  by   decomposition  is  ,of  itself,  Proof  of  the 
absence  of  unchanged  sodamide.  But  further  if  ,as  has  been  shown  by 
analyses,  the  amount  of  phosphorus  in  phosphine  represents  one-half  of 
osphorus  present  in  the  material  as  sodium  phosphide, there  would 
on  this  basis  be  19.29%  sodium  phosphide.  Of  this  13.32%  would  be  sodium 
ana  thus  to  a 


ie  sodamide  present  in  sufficient  amount  to  account 


for  all  of  the  ammonia  woulo  require  for  the  Phosphide  ana  amide  of 

ail  of  the  sodium  ,all  of  the  nitrogen, bui  leaving  13.7%  of  the 
jphorous  unprovided  for. 
It  is  justifiable  , therefore  to  assume  some  amido  compound  of  phosphorus 


r  a  substitutea  amide  of  it  analagous  to  the  substituted  amides  describ- 
ed by  Titnerly  to  be  present  in  the  material  along  with  the  sodium 
phide,hypophosphite  etc.  It  could  hardly  be  surmised  that  an 
ompounds  would  be  formed  unaer  these  circumstances. 
In  the  presence  of  other  constituents  of  this  material  it  is  impossil 
to  say  how  such  compounds  woula  break  down,  but  it  is  very  probable 

would  ado  to  the  instability  of  the  material. 
S    ide  as  a  reagent. 

Sodamide  lends  itself  vers  readily  to  synthetical  operations,an< 
the  chief  drawback  to  its  use   is  the  difficulty  of  keeping  it  in  t 

condition.  In  fact  no  sodamide  is  quite  reliable  that  is  not 
freshl  ,ith  the  precautions  already  described. 

Its  use  is  also  further  hampered  by  the  immpossibil ity  of  separating 
tne  by-products  from  the  end-products  desired. 

This  is  well  illustrated  o>  the  present  work.  Sodamide  affords  a  quick 
method  for  the  preparation  of  impure  sodium  phosphide  and  a  number  of 
its  by-products  have  led  into  interesting  theoretical  discussions. 

Much  wori,  remains  to  be  done  ,vith  sodamide  in  the  field  of  inorganic 
chemistry.  While  in  the  present  instance  the  reaction  it  is  not  a 
clean-cut  one, it  would  be  unfair  to  assume  that  with  elements  not  so 
ciosely  relatea  accordi       Jr  present  views  of  the  Periodic  system 
as  are  phospnorus  and  nitrogen  results  of  a  far  more  satisfactory 
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character   ill     ained, 


Final  Summary. 

i  de :  - 

1.-  Yields  hydrogen  and  nitro  ,        osed 

er. 

2.-  H      n  can  be  almos  ninated, 

■y  prolonged  heating  at  hi  res  with  excessof  NH5 

b.  b  -        osed  bottles. 

o.-        1  is  always  present  and  is  very  pre       ue  to  soc  ; 

triazoate  or  to  some  analagous  compound, the  formation  of  which 

Lde  is  due  to  partial  oxidation  of  ammonia  as  pointed  out. 

a.  in  process  of  manufacture  of  sodamide 

b.  b  .    and  in   the  presence  of   dry  air. 

4. -Occurrence  of  nitrous  and  hyponitrous  acids  in  sodamide  that 

become. yellow  through  exposure  to  dry  air. 
5  .-Formation  of  disod       .amide  in  the  wet  w;  . 

ide  and  Phosphorous  per tachio ride: - 
1 .-  Formation  of  a  compound  which  can  not  be  isolated  from  its 

associated  .  -   :       .  ithout  ui 
2.-  When  thus  separated  by  nitric  or  acetic  acids  an  inert 

is  obtained  which  corresponds  to  the  formula, POgNjOr  to  POHHOH. 

Sodamide  and  yellow  phosphorus :- 

1 .-  Forms  a  complex  mixture  of  sodium  phosphide, hypophosphite  and 

presumably  also  an  amide  of  phosphorus  etc. 
2.-  Discussion  of  various  methods  devised  for  the  quantitative 

decomposition  of  explosive  and  easily  volatile  substances. 

&'.-  Elaboration  of  methods  for  simultaneous  recognition  of  hypo- 
irous, phosphorous, a        horic  acids. 

4.-  Discussion  of  the  source  of  hydrogen  in  the  preparation  of  phos- 

Lne. 
5.-  Qualitative  test  for        ne  by  ammo  .  ■         te. 
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